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Specify 


| DIFCO) ... the only complete line 


of microbiological reagents and media 


Culture Media 
Microbiological Assay Media 


Tissue Culture and Virus Media 
Bacterial Antisera and Antigens 


Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 


Carbohydrates Biochemicals 
over 60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 
Complete Stocks Fast Service 24-hour Shipment 


Difco Manual and other descriptive 
literature available on request 


LABORATORIES 


DETROIT 1, MICHIGAN 


Rugged new KINA 


New Kimax glassware from Kimble can take plenty 
of abuse, such as centrifuging with heavy liquids, 
and extremes of temperature. 


And Krmax remains clear even after repeated 
contact with acids (except HF) and alkalis. 

Combine new Krax “hard” glass apparatus 
with your lime glass needs and you may qualify for 
quantity discounts. Your Kimble Dealer can fill you 
in on details, 


Kimble Glass Company, your most complete 
source of laboratory glassware, is a subsidiary of 
Owens-Illinois, Toledo 1, Ohio. 


‘Apparatus 


45160 Centrifuge Tube, Plain. 
Uniform walls in sides, taper 
and bottom. Tops have rein- 
forcing beads. Large marking 
spot. In 10, 15 and 50 ml 
capacities. 

45197 Centrifuge Tube, 
Heavy-duty. Similar to 45160 
but with heavier walls to 
withstand higher speeds in 
centrifuging and with glass 
stoppers. Can be used in al- 
most all centrifuge equipment 
with stopper attached. In 12 
and 40 ml capacities. 

45196 Centrifuge Tube, 
Heavy-duty, Screw Cap. Simi- 
lar to 45197 but with top fin- 


Jour. of Lab. & Clin. Med. 


\\ 
45196 
| 
45197 | 
45160 | | 
| 
Page 2 


...from borosilicate Glass... 
Designed to serve you longer under extreme conditions 


ished for plastic screw caps. 
Caps have cemented-in rub- 
ber liners. Can be used in al- 
most all equipment including 
clinical heads, with caps at- 
tached. In 12 and 40 ml 
capacities. 

45199 Graduated Centrifuge 
Tube, Heavy-duty. Graduated 
to contain. Graduations 
marked with fused-on white 
enamel for easy reading and 


durability. Uniform inside 
taper assures accuracy of 
graduations on all tubes. 
37023 Long Tip Pipet. New 
from Kimble. Meets require- 
ments of Committee on Micro- 
chemical Apparatus. Calibrat- 
ed to the tip, without blow- 
out. Ideal for use with deep 
vessels having small openings. 
In 2/10 ml, 5/10 ml, 1 ml, 2 
ml and 3 ml capacities. 


45200 Graduated Centrifuge 
Tube, Heavy-duty, Screw Cap. 
Similar to 45196 but gradu- 
ated to contain. In 10 and 35 
ml capacities. 


45201 Graduated Centrifuge 
Tube, Heavy-duty, Stoppered. 
Similar to 45197 but graduat- 
ed to contain. 10m] size takes 
standard taper stopper #13; 
35 ml size takes stopper #19. 


KIMAX is available through dealers in the United States, Canada and principal foreign cities. 


KIMBLE LABORATORY GLASSWARE 
AN (I) propuct 
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could put five years 


right here 
in this 
wasted 


corner! 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it . . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 
THE TECHNICON COMPANY, CHAUNCEY, N. Y. 
laboratory filing system 
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NUMBER 4 


HYLAND | 
TECHNI- GRAM 


focused 
Increased attention has 
on the reliability of the Ox Cell Hemolysin Test 
in diagnosis of 


INFECTIOUS 


In a study of 351 patients, Peterson et al." 


of the ox cell hemolysin test with the 

Their series included 23 cases of definite infect 
two of these patients failed to show high diag 
titers, while five had low 
sin titers g¢ 


compared the diagnostic 


value 
usual hete rophile 


antibody test. 
us mononucleosis; only 
iostic ox cell hemolysin 
or negative sheep cell agglutinin titers. Hemoly 


enerally became of diagnostic value during the first week of 


illness and usually remained significantly elevated for a longer period 
than did agglutinin titers, The authors point out the simplicity of the 
hemolysin test. which may | 


e completed within half an hour after inacti 
vation of the patient's serum 


* Peterson, E.T., Walford, R. L., Figueroa, W. G. and Chisholm, R. 
Ox Cell Hemolysins in Infectious Mononucleosis and in Other 
Diseases. Am. J. Med. 21/2): 193-199 (Aug.) 1956. (Hyland 


Laboratories will send you a reprint of this article promptly, 
at your request.) 


Whichever testing technic you prefer, Hyland supplies the necessary 
reagents... 


For the Ox Cell Hemolvsin Test 
Preserved Ox Cells, 10 ce. 


Guinea Pig Complement, dried (with diluent), 3 cc, 7 cc, 20 ce 


For the Sheep Cell Heterophile 


elutinin and Differential Absorp 
tion Tests 


Preserved Sheep Cells, 10 cc, 30 ce, 100 ec, 300 ce 
Beef Erythrocyte Antigen (Refined), 5 ce. 
Guinea Pig Kidney Antigen, 5 ce. 


For control of technic 


Infectious Mononucleosis Positive Control Serum, dried, 1 cc. 
(titrated for both ox cell hemolysin and sheep cell agglutinin) 


HYLAND LABORATORIES 4501 Colorado Blvd., Los Angeles 39, Calif 
160 Lockwood Ave., Yonkers, N.Y. 
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ADDED EFFICIENCY... ADDED ECONOMY 


Clear Bottom 


Disposable Plastic 
Petri Dish 


by Falcon obsoleted by the Falcon 
at new gateless bottom 


Lowered Prices 


(Cumulative Discount) 


© Ideal for all types of culturing... clear, transparent and warp free. 


¢ Uniformly flat for microscopic examination, providing proper sur- 
face for thin layers of material. 


¢ Assures accuracy of bacterial count with free, unimpaired vision 
through the bottom surface which approaches optical flatness. 


* Clear polystyrene plastic, light-weight, unbreakable, packed sterile 
...use once and discard. Costs less than autoclaving and washing 
glass dishes. Guaranteed sterile and biologically inert. 


Ask your dealer or write direct for sample of the NEW trademarked 
Falcon Disposable Plastic Petri Dish with the smooth, clear bottom. 


New catalog just off the press quotes new lowered prices on all 
Falcon products for your laboratory. Request your copy today. 


FALCON PLASTICS 


6024 WEST WASHINGTON BLVD., CULVER CITY, CALIFORNIA 
Canadian Distributor: Canadian Laboratory Supplies, Ltd., Montreal and Toronto 
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Pre-cleaned—in the patented 
-Rite™ dispenser box 


» Gold Seal Slides, long the 

\ Standard of Quality in lead- 
Hy ing laboratories, now bring 
you still more handling ease 
and convenience than ever. 
The secret: the new patented Stand-Rite 
box with simple push-in tabs which keep 
slides upright as you use them! The result 
is fast, fumble-proof handling; no finger- 
marks; ready-to-use slides. Gold Seal 
Slides, made from crystal clear, uniform 
glass, are non-corrosive and selected to 
eliminate all imperfections. They will not 
fog, even after years of use. 


Ask your dealer about the complete range of sizes in which 
Gold Seal Micro Slides and Cover Glasses are available. 


easier handling, 
quicker, 


mounting 


cleaner 


Dispensed clean from new lint-free 
plastic box holding one ounce 


New, modern Gold Seal pack- 
aging means clean cover 
# glasses...added convenience 
y and protection. Quickly and 
cleanly removed—one at a 
time—cover glasses may be used right 
from the box for many applications. Red 
snap-open box supports glasses between 
walls of white plastic; lintless foam blan- 
ket cushions them when box is closed. 
Made of rigidly specified non-corrosive, 
non-fogging glass of uniform thinness. 
Gold Seal Cover Glasses are individually 
inspected, guaranteed perfect. 


Clay Actams 


NEW YORK 10 


rie GOLD sea.” 


Runs Quieter and Cooler Than Any Previous Model 


NEW Quiet Test Mode/ MB 


INTERNATIONAL HEMATOCRIT CENTRIFUGE 


Before you buy a hematocrit centrifuge, 
see Quiet Test in action. 


A demonstration, which can be 
arranged for you, will prove in 
seconds that this new unit is the 
quietest Hematocrit Centrifuge you 
have ever used. You can actually 
carry on a telephone conversation 


while the centrifuge is running nearby. 


Other features: Runs cooler at high 
speed, up to 12,300 r.p.m., than any 
previous hematocrit centrifuge. 
Push-button electrical brake halts 


conteiiage in 15 seounes. Quiet Test Model MB International Hema- 
Long life is assured by precision tocrit Centrifuge—Cat. No. 23920. Write 
for complete specifications and prices. 


manufacture with heavy-duty motor, 
more rugged shaft and key components. 


Interchangeable heads provide a 
choice of a variety of sizes and 
capacities of capillary tubes. 


New! Precision Reader — Model CR 
You get fast, accurate readings 
from any length capillary tube with 

this reader. Magnifying glass and 


light under the tube, make readings Precision Reoder—Model CR 


easier, faster and more positive. Catalog No. 23927A. 


ALOE SCIENTIFIC 


DIVISION OF A.S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully-Stocked Divisions Coast-To-Coast 
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PROVED BY 
10 YEARS’ 
EXPERIENCE 


THE B-D VACUTAINER 


EVACUATED SPECIMEN TUBE 


otters the simplest and most efficient method of obtaining 
quality blood specimens: 


A superior stopper 

easy to clean 

dished-out top for speedy cleansing 

free from dirt-catching crevices or corners 
easy to remove 

protruding stopper for easy, 

one-hand “flip-off” removal 

easy to use 


diaphragm placed to ensure proper technic 
and minimize vacuum loss 


A straight side tube 


easy pouring or pipetting of serum 
easy clot removal 
can be reused for routine laboratory procedures 


Every B-D Vacutainer Specimen Tube is 


vacuum packed to assure factory freshness 
color-coded according to usage 


Available in six sizes and a range of 45 anticoagulants 
and preservatives, with catalog numbers printed on 
anticoagulant tubes. Partial vacuum for controlled intake 
in proportion to anticoagulant, wherever required. 


Freight prepaid —literature available on request 


| B D |} BEecTON, DICKINSON AND COMPANY 
|] RUTHERFORD, NEW JERSEY 


AND VACUTAINER, REG US. PAT. OFe 
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REAGE NTS designed for stability . . . accur- 


acy... convenience ... economy. The natural and one best 

answer to the problem of unstable chemical solutions. Of par- 
ticular value to clinical laboratories using reagent solutions 
commonly employed in colorimetry and spectrophotometry. 


REVISED AND ENLARGED BROCHURE AVAILABLE... 
Please request 


HARTMAN-LEDDON COMPANY 
PHILADELPHIA PENNSYLVANIA 
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NEW EASE 
AND ACC 


_ Assures greater precision in the daily 

Standardization of your photometer 

Acu Jobin and the periodic construction of your 

calibration curve, Each hermetically- 

HEMOGLOBIN STANDARD ; sealed: ampul contains an analytically 

measured, exact amount of cyan- 

per 100 mi. . methemoglobin of assured purity and 
Stability. 


Facilitates the rapid preparation of 
diluent for accurate hemoglobin deter- 
minations by the cyanmethemoglobin 
method. Simply dissolve a stable, 
standardized, sealed-in-foil pellet in 
250 cc. of distilied water. 


Orthe Pharmaceutical Corporation 
RARITAN, NEW JERSEY 


DETERMINATIONS 
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a new radioisotope counting system 
for biological and clinical research 


-Nuclear-Chicago’s DYNACON —a system for 
"measuring H3, in gases, liquids, solids” 


Operator places 250 mi. ion chamber on Dynacon con- 
verter. Sample may be read directly in microcuries or 
dis./sec. on meter and recorder. 


The Model 6000 Dynacon is an outstanding 
ANIMAL new system from Nuclear-Chicago for the bio- 
chemist or scientist measuring soft beta 
emitting isotopes. Combining economy and pre- 
cision with unmatched versatility, it will accept 
and measure gas, liquid, and solid samples 
ranging in activity from a millicurie to a micro- 
microcurie without dilution or absorption 
techniques. It is the ideal instrument for making 
fe) ° continuous gas flow measurements in plant 
uptake and animal metabolism studies When 
0900 used with the flow-type ion chamber. The 
system’s design provides highest reproduc- 
ibility while eliminating all errors due to coin- 
Apparatus for continuous measure- cidence losses, register losses, or electronic 
ment of respired CO, from small = drift. Write for full specifications including 
animale includes glassware, flow- typical biological applications of the new 


type ion chamber, Dynacon electro- 
meter, and chart recorder. Dynacon electrometer. 


Fine Research Quality. 


nuclear - chicago 
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® 249 WEST ERIE STREET »* CHICAGO 10, ILLINOIS 
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PRODUCTS for LABORATORY 
MEDICINE prepared and tested 
according to the highest standards 


AGENTS FOR CLINICAL USE: 


BLOOD GROUPING, Rh TYPING, and ANTI- 
HUMAN (Coombs Test) SERUMS, NIH-approved. 


BLOOD CULTURE MEDIUM. 
E. COLI TYPING SERUMS.* 


FEBRILE ANTIGENS. For rapid slide test screen- 
ing purposes—for both somatic and flagellar 
Salmonella (including Typhoid and Paratyphoid 
infections), as well as for other fevers of unde- 
termined origin. 


SALMONELLA GROUPING and TYPING 
SERUMS.* 


(See also Febrile Antigens above.) 
SHIGELLA GROUPING SERUMS. 


SYPHILIS ANTIGENS: V.D.R.L.; Kahn Standard 
(Dr. Kahn Laboratory-approved); Laughlen Re- 
agent (Dr. Laughlen Laboratory-approved). 


PASTEURELLA TULARENSIS TUBE ANTIGEN, 
VIRAL AND RICKETTSIAL ANTIGENS. 


*Prepared according to CDC Methods and standards 


AGENTS FOR LABORATORY USE 


LYMPHOGRANULOMA VENEREUM SKIN TEST 
ANTIGEN and CONTROL. 


TRICHINELLA EXTRACT and SALINE CONTROL. 
TUBERCULIN PATCH TEST (Vollmer). 


For further information contact the Lederle representa- 
tive through your hospital pharmacy or write: 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMIO COMPANY 
PEARL RIVER, NEW YORK 
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save 


on DRABKIN’S 
SOLUTION 


for Hemoglobinometry 


You save over 9 times the cost per liter 
when you order Drabkin’s Solution in 
Fisher Scientifics new dry mix. For a 
fresh solution every time, merely dissolve 
contents of the handy moisture-proof poly- 
ethylene envelope in a liter of distilled 
water. Fisher does the weighing for you! 
Box of 12 envelopes of Fisher Drabkin’s 
Solution costs less . . . takes less space . . . 
is completely stable . . . always fresh. 


*money-saving convenient compact 
TRY A BOX OF 12 


$ 8 12 ENVELOPES 


MAKE 12 LITERS! 


Send Order to 120 FISHER BUILDING 


“de 
¥ PITTSBURGH 19, PA. 
0-00 


&2 FISHER SCIENTIFIC 


Americo's Largest Manuf: Distrib of Lob y Appliances & Reagent Chemicols 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 


Charleston, W.Va. New York Washington Toronto 


Jour. of Lab. & Clin. Med. 


2\ %*} 
«3% 
< 
= 
= 
| 
. 
; 
Page 14 


No cotton picking problems 
with new PYREX’ tubes 


The classic cotton plug in a rimless tube may 
work as well for you as it did for your father, 
in which case our old standby, culture tube 
9820, is plenty good enough. 

But, if you find cotton a nuisance or even 
a menace in your culture work, we suggest 
you look at: 
Rubber snap cap—Snap it all the way on for 
a good tight seal. Or half way for breathing. 
A twist of the wrist removes it. The black 
rubber is nontoxic to culture media. It 
withstands both wet and dry sterilization 
without embrittlement. Caps are numbered 
from | to 8 for tube identification. 
Plastic screw cap—Twists off and on for 
easy, positive sealing. Cap and liner are non- 
toxic and unaffected by autoclaving. Avail- 
able on tube 9825, a straight culture tube, 
and 9830, a tissue culture tube with flat 
window. 


You have a right to expect such improve- 
ments in Pyrex labware. For almost a half 
a century we've been pacing our designs to 
current scientific requirements, constantly 
improving basic apparatus and developing 
new ware to follow the new directions your 
work has taken. Just another reason to make 
sure all your labware has the Pyrex trade- 
mark. 

You'll find such improvements and new 
ware spread generously throughout the some 
9000 items in the current Pyrex Laboratory 
Glassware Catalog, LG-1. 

Write if you don’t have your copy. 


CORNING GLASS WORKS 
82-9 Crystal Street, Corning, New York 


meant research ix 


PYREX® laboratory ware 


. .. the tested tool of modern research 
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new test for gastric acid — 


now a simple office procedure 


Diagnex Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


Your patient swallows a liquid instead of a tube 


* eliminates discomfort and inconvenience of intubation 
* time-saving and economical; can be used in office 
* requires no special equipment 
well-tolerated and completely safe 


Diagnex Blue is easy to use: 
1. The patient takes DIAGNEX BLUE orally. 

2. Urine samples are collected and returned to the physician. 
3. Simple color comparison indicates gastric acid status. 


Results are easily interpreted: 

Free gastric acid is shown by color equal to or 
more intense than 0.6 mg. standard. 

Absence of free gastric acid is shown by color equal 
to or less intense than the 0.3 mg. standard. 


Borderline secretion is indicated by a color 
intermediate to these two standards. 


* Diagnex Blue has been used in thousands 
of gastric analyses with conclusive evidence of 
accurate results (95% accurate identification 

of acid secretors, 97% accuracy in 

identifying achlorhydrics). 


Squibb Quality — 


‘Diagnex’® is a Squibb trademark. the Priceless Ingredient 
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how to perform the Diagnex Blue Test 


This is what the physician tells the patient: 


Start test immediately on arising, without eating or drinking anything for breakfast. 


Urinate. 
Do not keep this urine. 


Tear open the small packet 
and swallow the 2 tablets 


with a glass of water. 


1 HR. LATER 


marked ‘‘control urine’’. 


2 HRS. LATER Urinate. Save urine in jar 


marked ‘test urine’ 


Test Procedure 


Each box of DIAGNEX BLUE has a color comparator 
block with two color standards—one representing 
color intensity of 0.6 mg. azure A, and the other 
0.3 mg. azure A. Color comparison should be made 
against a suitable light source. 


A. 1. Dilute the control and test urines with water 
to 300 cc. each. 
2. Fill two test tubes with approximately 10 
cc. of control urine each, and fill a third test 
tube with about 10 cc. of the test urine. 


3. Place the test urine tube in the middle slot 
of the comparator and the control urine tubes 
in front of the two color standards. 


4. If the color intensity of the test urine is 
equal to or exceeds that of the 0.6 mg. stand- 
ard, the patient has secreted free gastric hydro- 
chloric acid and the test is complete. 


B. 1, If the test sample color is less intense in color 


Would you like 
additional information 
ON DIAGNEX BLUE? 


Simply mail this coupon. Dr 


| 
Sy) 


Urinate. Save urine in jar Open large packet. Pour con- Stir well and drink it. (The 
tents into 1% glass of water. granules do not dissolve.) 


If granules remain, add a 
little more water and drink 
them down. 


than the 0.6 mg. standard, acidify all samples 
with 2 drops of diluted (10%) hydrochloric 
acid. Heat the three test tubes in a boiling bath 
for 10 minutes. (Boiling may decolor sample, 
but color will reappear on cooling.) Remove 
tubes from the bath and allow to cool for 2 
hours. Compare color intensity as in A3 and A4. 


2. When the color of the test specimen falls be- 
tween the 0.6 mg. and the 0.3 mg. standards, 
this is a evidence of hypochlorhy- 
dria. When the color of the test specimen is less 
intense than that of the 0.3 mg. standard, this 
is presumptive evidence of achlorhydria. 


Supply: Boxes of 5 and 50 test units with compar- 
ators. Each test unit contains 2 Gm. DIAGNEX BLUE 
granules, two 250 mg. tablets of caffeine sodium 
benzoate to stimulate gastric secretion, and labels 
for urine samples. Complete instructions for use 
are included in each package. 


Professional Service Department (9F) 
SQUIBB, 745 Fifth Avenue, New York 22, N. Y. 


Gentlemen: Please send a copy of your technical leaflet, 
“A Tubeless Test for Gastric Acid” to: 


| 
| 
| 
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tv EW. wa SPEED AND SIMPLIFY ROUTINE URINALYSIS 


Dip this end —> 


URISTIX 


TRADEMARK 


combined 
colorimetric 


“dip-and-read” 


For the two most commonly performed 
lab tests...the “heart” of every routine 
urinalysis...the ultimate in simplicity, con- 
venience and reliability. Equipment and 
many minutes of valuable lab time can be 
saved...just “dip-and-read” a single 
UristT1Ix Reagent Strip and get two test 
results in seconds! 

COLORIMETRIC READINGS FOR PROTEIN 
—no guesswork of turbidity estimations 
ENZYME SYSTEM FOR GLUCOSE — 

unrelated to copper-reduction methods 


test for protein and glucose in urine 


SPECIFIC FOR PROTEIN AND GLUCOSE 
—unaffected by other urine constituents, drug 
metabolites or urine turbidity 

SENSITIVE — detects as little as 10 mg.% protein 
and 0.1% glucose 

STANDARDIZED —color guides permit reliable 
estimations, consistent reports 

TIMESAVING AND ECONOMICAL — completely 
disposable 


available: Uristix Reagent Strips—Bottles of 125 


/ \) AMES COMPANY, INC « ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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Save time... Increase accuracy. 


COULTER 
BLOOD CELL 
COUNTER 


Procedure: Onty a tew 
lambdas of biood are required 
tor atest. Sample is mixed with 
appropriate diluents for red 
or white ts. After s pl 
beaker is pi d in positi 

operation of stopcock and 


cycies instrument. Number 
of cells appears on counter. 
After recording count you're 
ready to go on to the next 
sample. 


For full details consult your 
S/P representative or write 
Technical Service Department, 
Scientific Products, 


1210 Leon Piace, 
Evanston, illinois. 


NOW ... make red and white biood cell 
counts electronically, eliminate tedious and 
time-consuming visual counts. 


Get accurate and reproducible results every time with 
the Coulter Blood Cell Counter. The average count in- 
cludes 50,000 cells—equivalent to 100 visual chamber 
counts. Successive readings on a sample agree within 
1%. Cell counts are completed in 25 seconds, plus sam- 
ple dilution time. 

Operation of the Coulter system is based on electrical 
conductivity differences between blood cells and common 
diluents. This principle permits individual cells to be 
counted as measured volume of solution is drawn through 
small electrically-activated orifice. Relative cell size dis- 
tribution is shown on oscilloscope screen and threshold 
control makes possible accurate plots of this distribution. 


No. 51695—Coulter Blood Cell Counter........ $3,350.00 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES— 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta + Chicago + Columbus + Dallas + Kansas City + Los Angeles + Minneapolis 
New York + San Francisco + Washington 


September, 1958 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners=? 
You Just Can't Balance This Equation 


Balance Your Cleaning Equation 
with 
Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con- 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or towelling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 
the gallon. Dirt, grease, grime, stains and incrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor- 
roded, etehed or scratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away. Excellent for freeing jammed syringes, stuck stop- 
cocks and ground glass stoppers. 


PARAGON LABORATORY CLEANER is packed only in 3 lb. boxes. 


PC300 Box (3 lbs.) $1.00 
Carton (24 x 3 lb. boxes) 20.40 (85¢ per box) 


Prices F. O. B. New York, New York, subject to change without notice 


PARAGON C. & C. CO. INC. 
2540 Belmont Avenue 


Manufactured exclusively by 
New York 58, New York | PARAGON C. & C. CO. INC. 
Please send free trial sample PC300 2540 Belmont Avenue 

| New York 58, New York 


Cable Address: Wijeno, New York. 
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THE MOST VERSATILE 
PHASE MICROSCOPE EVER MADE 


- Phasestar’s building block concept of design, exclusive with AO Spencer, offers you a choice 


: 
interchangeable 


Low cost 35 mm. camera for 
crisp, inexpensive photomi- | 
crography. Coupled system 
lets you shoot what you see. 


inclined for comfort. 
Special inclined monocular 


No other Phase Microscope can 
offer you such a wide choice of 
interchangeable parts and ac- 
cessories. 

You can adapt the Phasestar 
to your exact needs with vari- 
ous combinations of readily in- 
terchangeable bodies, stages, 
bases and optics. You have 
more than 50 possible combi- 
nations or models to choose 
from. 

Your Phasestar will be “just 
right"’ for you in convenience, 
comfort and the economy of 
real quality. 


choice of inter-— 

= horseshoe 
base with double- 
plano mirror in fork | 
mount or built-in base 
illuminator, 


ond apochromatic. 

objectives avichly 


@ Dept. 1-15 


| American Optical i Please send me the new Phasestar brochure 


Company 


USS and vertical monocular bodies 
‘SA 
«Focus stoge and specimen to 
the objectives with low-posi- 
tioned coarse and fine adjust- 
—=\S : ments. Choose from 3 inter- 
stages or the new Micro- 
mount allows you to quickly 
« -Phase condensers... turret 
— type, single unit or special: 
( N Quick-change quad- 
: 4 tuple revolving nose- 
piece lets you inter- 
change complete sets 
| — f 
INSTRUMENT DIVISION, BUFFALO IS, NEW TORK | 
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Improved Design 

~ New Relay 

New Heating System 
0.01° 


Sargent C onstant Temperature Bath 


The 0.01° C. Sargent Constant Temperature Water Bath, which is 
employed in many laboratories throughout the world where a precise, 
reliable thermostat is required, is now being supplied with an improved 
relay unit and heating system. The central heating and circulating unit 
of the bath is now equipped with three cylindrical heating elements 
rated at 200, 300 and 400 watts respectively. The 200 watt heater is con- 
trolled by the No. 81835 mercurial thermoregulator through a thyratron 
tube and saturable core reactor in the relay unit. (The use of a saturable 
core reactor obviates the difficulties commonly encountered with 
mechanical relaying systems such as pitted contacts, broken moving 
parts and freezing.) By means of a control mounted on the panel of the 
relay the output of this heater can be varied from the full 200 watts to 
approximately 60 watts, thus permitting such adjustment of the heater 
output that positive overshooting of the regulatory temperature is min- 
imized. With the improved relay system this bath can be adjusted to 
a precision of +.005° C, when operating in the vicinity of 25° C. 

In addition, the relay unit is equipped with a master switch, a switch 
for each heater and a pilot light to indicate that the circuit to the 200 
watt heater is closed. 

Maximum power consumption 1100 watts. 
$-84805 WATER BATH—Constant Temperature, 0.01° C., Sargent. 
Complete with Pyrex jar, 16 inches in diameter and 10 inches in 
height; central heating and circulating unit; constant level device; 
cooling coil; No. 81835 thermoregulator and relay unit with cord and 
plug for connection to standard outlets. For operation from 115 volt 
50/60 cycle circuits...................... 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS @ SUPPLIES @ CHEMICALS 


E. H. Sargent Co., 4647 W. Foster, Chicago 30, Illinois 
Detroit 4, Mich. ¢ Dallos 35, Texas © Birmingham 4, Alo. © Springfield, N.J. 


» $300. 
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NEW 
VERSATILITY AND COMPACTNESS 
FOR RESEARCH RECORDING 


THE SANBORN 
POLY BEAM 
6- AND 8-CHANNEL 


PHOTOGRAPHIC RECORDING SYSTEM 
—+ up to eight channels in a single mobile cabinet 


—+ “add on” flexibility that permits a 2- or 4-channel system 
to be expanded to eight channels 


—+ optional integrated monitoring unit for viewing up to four 
waveforms simultaneously, or vector loops 


—+» choice of six miniature plug-in preamplifiers for ECG, 
heart sounds, sphygmograms, EEG, gas analysis, 
. 8 various pressures, and many other events 


The new Sanborn "550M Poly-Beam” is an eight channel 
recording system, which can be equipped originally for 2-, 4- or 
6-channels and later expanded to eight. Interchangeable plug-in 
preamplifiers only 10 inches high mount in four- unit modules; 
all provide extended frequency response and sensitivity for more 
accurate recording or monitoring of many biophysical events. An 
optional visual monitoring unit (located above the preamplifiers), 
which includes an oscilloscope, a vector timer and an electronic 
switch, permits viewing up to four waveforms simultaneously, or 
vector loop presentation. Events can be monitored either as a 
supplement to, or in place of, recording. 


The recorder uses 6 in. wide recording paper in 200 ft. rolls. 
Eight chart speeds from 1.25 to 200 mm/sec. are selected by 
electrical control. Optical recording galvanometers use simplified 
plug-in coil and mirror inserts, permitting recorder expansion 
by the addition of inserts (one per channel). Time coordinates 
are recorded photographically and are produced by a synchro- 
nous timer independent of the paper drive. Amplitude lines 
which show mm. and cm. may be eliminated from ‘4, 4, or the 
entire chart width by manual control. Other recorder features 
include an event marker; beam interrupter for trace identifica- 
tion; provision for remote control; viewing window for observa- 
tion, positioning and standardizing of galvanometer beams. 


Also new from Sanborn are the 6- and 8-channel 350M Series 
direct writing systems. Cabinet size and style are identical to the 


550M and plug-in preamplifiers may be used interchangeably 
in both systems. 


For complete information on the new Sanborn systems call the 
Sanborn Branch Office or Service Agency nearest you, or write 
Inquiry Director, Medical Division. 


175 Wyman Street, Waltham 54, Mass. 
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A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


crography with LEICA. 


Combined binoculer 


monocular tube. 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal ins?rument for hospital or office laboratory. 


E. LEITZ, INC., DEPT. L-9 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz LABOLUX brochure 


Name 


FIRST IN PRECISION OPTICS 


Street 


20987 
City Zone. State 


OUuURTH AVENUE. NEW YORK 
a-tamous epreducts of 


4 


Leite Canada 
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-mechanical | 
100x ol 1 LABOLUX for photomi- 


. . . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. or its sensitivity can be extended far into the range of trace- 


analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. Y/ 


I, 
Write for New Bulletin... B-245 


COLEMAN INSTRUMENTS INC., DEPT.E MAYWOOD, ILLINOIS 


September, 1958 
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AUTOMATIC 
PIPETTE’ 


WITH COMPLETE ASSEMBLY 
OF ACCESSORY EQUIPMENT 


A fixed volume pipette permanently attached to a double 
bore stopcock, which permits rapid filling without ad- 
justment to a reference mark, and complete washout 
delivery of the contained sample by a measured amount 
of a second liquid from a burette, pipette, or arbitrarily 
calibrated tube connected to upper arm. Eliminates need 
for individual sampling pipettes, and repeated filling of 
dilution pipettes, realizing a highly significant economy 
of time and glassware, and assuring reproducible sampling, 
delivery, and dilution which are cupectally important in 
routine clinical chemistry. Applicable, however, to any 
type analysis in which a standard volume is diluted or 
reacted directly with a measured volume of a second 
liquid. See American Journal of Clinical Pathology, Vol. 
28, No. 2 (Aug., 1957), pp. 200-207. 

In use, the pipette is attached to the dispensing burette by 
means of the upright arm of the stopcock, and to a suction de- 
vice by means of the bent tube at the left. A waste trap is 
inserted into the line prior to the suction connection. 

Samples are taken by setting stopcock to connect tip with 
suction line. A small excess is drawn over into the bent tube to 
serve as an initial rinse for the pipette wall. The sample is 
delivered by reversal of the seanade dee to allow solution in 
the burette to expel the — through the tip, and to rinse it 
clean. Following delivery of the required amount of reagent 
from the burette, the tip, filled with diluent which keeps it 
clean, is ready for immediate intake of the next sample. 

An assembly of accessory equipment for convenience in 
making multiple dilutions is offered below. It consists of an 
automatic zeroing type burette with reservoir for washout of 
sample and addition of diluent or reagent, trap for suction line, 
waste receiver, support and necessary clamps and tubing for 


connections. 
8209-F. Thomas-Seligson Automatic Pipette Assembly, complete 
... eliminates individual @s shown in illustration. suction device. With evtemetic sereing 
mplin ipettes type Burette 10 mi in 1/20ths. When seated — specify size of 
comp 9 P!P Pipette required... .. .. 88.38 
and repeated filling 
8209-8. Pipettes, Seligson, only, as above described. 
of dilution pipettes Tecentein,al......... 005 0.1 0.2 0.5 1.0 
Tolerance, mi (+). . . 0005 0.005 0.01 0.01 0.05 
Calibrated stem, mm. .. 65 55 65 160 140 


Each. 
*Patent applied for. 


Copy of Bulletin 131 sent upon request. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 


11.00 11.00 11.00 11.00 11.00 


VINE ST. AT BRD ¢ PHILADELPHIA GS, PA. 
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CLINICAL AND EXPERIMENTAL 


STUDIES IN IRON TRANSPORTATION AND METABOLISM 


XI. Critica ANALYsIS OF MucosaL BLock By LARGE Doses or INORGANIC TRON 
IN HUMAN SUBJECTS 


ELMER B. Brown, Jr., M.D.,* ReuBenta Dusacu, Pu.D., AND 
Cart V. Moore, M.D. 
St. Louts, Mo. 


INCE iron is avidly conserved by the mammalian organism and is lost from 

the body only in small amounts except by hemorrhage, the quantity ab- 
sorbed is of great importance in controlling the total amount of body iron. 
The mechanisms which regulate absorption of the metal, however, are largely 
unknown, Available evidence indicates that absorption is greater than nor- 
mal when iron deficiency exists'® or erythropoiesis is accelerated... > Con- 
versely, it is depressed when storage iron is increased,‘ erythropoiesis is de- 
pressed,* or when the intestinal tract is satiated by antecedent doses of iron 
given orally.“ " This latter observation, made on a surprisingly small number 
of dogs, has given rise to the concept that a ‘‘mucosal block’’ mechanism is a 
prime regulator of iron absorption. The suggestion proved attractive and has 
come to be widely accepted even though it fails to explain the excessive 
absorption and heavy tissue iron deposits found in some subjects after pro- 
longed ingestion of large amounts of dietary or medicinal iron.***? Furthermore, 
even normal amounts of iron in the diet of patients with idiopathic hemo- 
chromatosis are absorbed to a greater degree than normal." 


The concept of ‘‘mucosal block’’ originated from acute experiments per- 


formed by Hahn and his associates® on dogs made anemie by repeated bleeding. 

From the Department of Internal Medicine, Washington University School of Medicine. 
St. Louis, Mo. 

These studies were supported in part by Research Grant H-22 from the National Heart 
a gua and by endowment funds es:ablished in memory of Mark A. Edison and L. Russell 

elee, 
Received for publication Feb. 21, 1958. 
*National Research Council Fellow in Medical Sciences, 
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The procedure was to feed 100 mg. of ferric iron, give an oral test dose of 
‘adioactive iron several hours later, and measure its absorption in terms of the 
amount of isotope utilized in the synthesis of new hemoglobin. Stewart and 
co-workers’ extended Hahn’s observations, using a refined teehnique—again 
on iron-depleted dogs. Both groups found that the absorption of a standard 
test dose of radioiron was decreased (‘‘bloecked’’) when preceded by the feed- 
ing of a large dose of inert iron several hours earlier. Hahn postulated that 
an acceptor substance in the intestinal mucosal cell became saturated with 
iron and suggested that the acceptor might be ferritin. This hypothesis has 


been elaborated by Granick."™* 


Recently, however, Woéhler and associates’ have obtained evidence that a 
high ferritin content of the duodenal mucosa does not cause a ‘‘block’’ to 
absorption. They gave a single 15 mg. dose of ferrous iron to guinea pigs and 
noted a progressive increase for 20 hours in the ferritin content of the duo- 
denum. The values then declined and returned to normal in approximately 
40 hours. Simultaneous determination of ferritin and nonferritin iron in the 
liver showed a constant increase up to 20 to 40 hours, which the authors inter- 
pret as indicating continuing absorption. In long-term experiments, 15 mg. of 
ferrous iron were given daily for 28 days. An inerease in liver iron was 
demonstrated even when ferritin values in the stomach, duodenum, and jeju- 
num were maximal, again indieating continuing absorption. After 14 days, 
there was no further inerease in liver iron even though there was a decrease 
during this period of the ferritin in the mucosal cells of stomach, duodenum, 
and small intestine. They coneluded that a ferritin-mediated block of iron ab- 
sorption does not exist, even though they accepted ferritin as a mediator of 
absorption per se. If much iron was absorbed, there was much ferritin; if 
less was taken up, there was less ferritin. Similar results also were obtained 
in the guinea pig, by Heilmeyer and co-workers."" 

Whatever the mechanism, there are certain.other observations which may 
be interpreted as indicating the presence of a ‘‘mucosal block.’’ Finch and 
his co-workers ** showed that administration of ferrous sulfate by mouth to 
2 normal men for 6 and 12 months did not appreciably inerease body iron 
stores as measured by subsequent phlebotomies. These subjects rapidly be- 
came anemie when subjected to phlebotomies, whereas other normal subjects 
given ferrous sulfate orally during the period of blood loss were better pro- 
tected against anemia. It appeared that iron was not absorbed and stored in 
substantial amounts during the period before phlebotomies, but that its ab- 
sorption was increased during the period of anemia. The augmented absorp- 
tion of iron which occurred during the period of anemia did not continue, 
however, after the hemoglobin level had been restored to normal, even though 
iron stores were still depleted as shown by a second course of phlebotomies. 
Some control of iron absorption seems, therefore, to restrict iron accumulation 
in the nonanemie subject. 


Similarly, iron absorption by animals is depressed when tissue stores are 
increased by the parenteral administration of iron.* 2° Under these cireum- 
stances, the ferritin content of the duodenum has been shown to be elevated. 


i 
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At first glance, this fact appears to suggest that the ferritin may be “block- 
ing’’ absorption, but the increased ferritin is actually deposited in the sub- 
mucosa rather than in mucosal cells.'* 

secause the ‘‘mucosal block’’ theory fails to explain the relatively good 
absorption seen during accelerated erythropoiesis and in occasional subjects 
who ingest large amounts of iron, and because the role of ferritin as a medi- 
ator of the block has been so effectively questioned, many students of iron 
metabolism have come to believe that another regulating mechanism of iron 
absorption exists even though its nature remains totally unknown. Care must 
be taken against assuming that the effect of large doses of orally administered 
iron in depressing absorption of a tracer dose given several hours thereafter 
is the same as the depressing effect on absorption of heavy tissue stores, de- 
creased erythropoiesis, or the prolonged oral administration of moderate doses. 
The circumstances cannot necessarily be equated and confusion has resulted 
from application of the term ‘‘muecosal block’’ to these several different 
situations. 


For these reasons, a more thorough study of the ‘‘blocking’’ effect of 
large oral doses of iron was undertaken. Observations were made on human 
subjects because the importance of this type of ‘‘block’’ had not been tested 
in man. Findings were not uniform: they varied considerably from subject 
to subject and at different times in the same individual. In general, the results 
showed: (1) 2 to 4 mg. of iron per kilogram of body weight, given several 
hours before a 5 mg. tracer dose of radioiron, did tend to decrease absorption 


of the tracer dose. (2) The ‘‘block’’ persisted for about 6 hours in normal 
subjeets but only for about 3 hours in iron deficient patients. (3) Ferrie 
chloride tended to decrease absorption of the tracer dose less than did ferrous 
sulfate. (4) Oral administration of ascorbie acid did not consistently reduce 
the ‘‘block.’’ (5) The nature of the ‘‘blocking’’ effeet was not discovered. 
Saturation of the plasma transferrin did not seem to be important in its pro- 
duction. 
PROCEDURE 

In each experiment the subject took by mouth an ‘‘unblocked’’ or ‘‘control’’ test dose 
of radioactive iron and (in a second study) a comparable dose of radioiron 3 or more hours 
after a large blocking dose of inert iron, Three or four experiments were done on almost 
every subject in an effort to define the conditions which would produce a block. The 
order in which the different doses were given was varied from subject to subject. 

The blocking interval was the time between the blocking dose and the test dose. An 
interval of 6 hours was first selected because Stewart and associates? had observed a maximum 
block at approximately this time. Blocking intervals of 1%, 3, and 4 hours were also em- 
ployed. The test dose was an accurately measured volume of a solution of high specific 
activity Fe5°SO,* giving approximately 1,000,000 counts per minute and containing 5 mg. of 
Fe (added as crystalline ferrous sulfate). The blocking dose was a solution of FeSO, or 
FeCl, Since solutions of ferrous sulfate become oxidized on standing, the calculated amount 
of erystailine FeSO,;7H,O was dissolved in water just before it was ingested. These iron 
salts were chosen as representative of common divalent and trivalent iron compounds. The 
blocking dose of FeSO, was either 2 or 4 mg. of iron per kilogram of the subject’s body 
weight; the amount of FeCl, was uniformly 2 mg. Fe per kilogram of body weight. These 


*The Fe® and Fe™ used in this investigation were obtained from the Abbott Laboratories 
under authorization from the Isotopes Division of the Atomic Energy Commission. 
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dosage levels were selected as being large enough to ensure an adequate blocking effect, yet 
small enough to be tolerated by most subjects. The term blocked absorption refers to the 
per cent of a test dose of radioiron absorbed after a previous blocking dose had been given: 
control or unblocked absorption refers to the per cent of a test dose of radioiron absorbed 
when no blocking dose had been given. 


MATERIAL AND METHODS 


The individuals who served as volunteers for the study were (1) healthy medical stu- 
dents or members of the laboratory staff and (2) patients with iron deficiency anemia. 

The blocking dose of 2 or 4 mg. Fe per kilogram was usually given between 8 and 9 
A.M. after an overnight fast. Fasting was continued until the test dose of Fe5%SO, (con- 
taining 5 mg. Fe) was given, and for 2 hours thereafter. Black coffee was allowed if desired. 
When the tracer dose was given without a previous blocking dose it was given to the fasting 
subject early in the morning. When a second dose of radioiron was to be given, at least 2 
weeks were allowed to elapse in order to give time for the complete utilization of the first 
dose. A ‘‘base line’? blood sample was drawn just before the second dose and assayed for 
radioactivity with subsequent samples so that the ‘‘base line’’ counts could be deducted. 


Absorption of the isotope by normal subjects was measured by determining the differ- 
ence in per cent between the radioiron ingested and the unabsorbed radioactivity recovered 
in the feces. Fecal collections were made quantitatively for 7 or more days. Utilization of 
the absorbed iron was measured by determining the per cent of the ingested Fe5® which ap- 
peared in the circulating blood as newly synthesized hemoglobin. In most of the studies on 
iron deficient patients, only the Fe5® in the blood was determined, since iron deficient sub- 
jects utilize absorbed iron almost quantitatively for hemoglobin synthesis.21 

Radioactive iron in both feces and blood was measured by counting the gamma rays 
with a well-type scintillation counter.* The feces were collected for 7 days or until the 
radioactivity of a day’s specimen was found to be 1 per cent or less of the administered dose. 
One hundred or more grams of feces were homogenized with water in a Waring blendor and 
aliquots of the homogenate (of approximately 3 ml. volume) were weighed in plastic tubes. 
Triplicate samples were counted and the radioactivity was compared with that of a standard 
Fe5® solution counted at the same time. Blood was drawn by venepuncture into oxalated 
tubes. Duplicate 3 ml, samples were pipetted into plastic tubes and were hemolyzed with 
saponin before counting. For the calculation of total radioiron in the circulating hemoglobin, 
the blood volume was assumed to be 70 ml. per kilogram of body weight except in 6 cases, 
in which it was measured by the Evans blue dye technique. 

In 4 studies the iron of the blocking dose was labeled with Fe55 and the tracer dose 
labeled with Fe5®, The Fe55 was measured with a Geiger tube with a mica window and a 
beryllium filter, as recommended by Peacock and associates.22 Aliquots of the fecal homoge- 
nates and of the whole blood were wet ashed with sulfuric acid and the iron was electroplated 
from the digest onto copper disks for counting.2 The Fe5® in the specimens was measured 
in the scintillation well counter, which is not sensitive to the soft x-rays of the Fes, 

On each subject, serum iron,?3 iron binding capacity,24 red blood cell counts, hemo- 
globin estimations, and packed cell volumes were determined at the beginning of the study 
and several times subsequently. 

Analysis of the results was carried out by the ‘‘t’’ test, calculation of the correlation 
coefficient, and the analysis of variance,.25 


RESULTS 
CHARACTERISTICS OF THE BLOCK.— 


A. Iron Deficient Subjects.— 


1. Unblocked absorptions: The results of unblocked absorption studies on 
19 iron deficient subjects are tabulated (Table 1). Absorption of the test dose 


*Manufactured by the Nancy Wood Counter Laboratory, Chicago, Il 
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of radioiron by the 17 iron deficient patients who received 5 mg. of iron as 
FeSO, averaged 44.2 per cent with a standard error of +3.5 per cent (range 
24 to 76 per cent). There was no significant correlation between the degree of 
iron absorption and the hemoglobin, hematocrit, serum iron, or unsaturated iron 
binding capacity values. 


2. Effect of the two different blocking doses (2 mg. and 4 mg. per kilo- 
gram) of FeSO,: Since two different blocking doses of iron were used in these 
iron deficient subjects, results were analyzed to determine whether the two 
doses caused different degrees of block. Four observations of blocked and un- 
blocked absorption were made at each dosage level with a 3-hour blocking 
interval (Table I). Analysis of variance of the data indicated a significant 
block for both blocking doses of FeSO, (p < 0.01) but no significant differ- 
ence between the two dosages. 


3. Effect of different blocking intervals on the blocking effect of FeSO,: 
When the interval between the blocking dose of ferrous sulfate and the tracer 
dose was increased to more than 3 hours, the blocking effect tended to diminish 
or disappear (Table Il). Calculation of the correlation coefficient relating the 
per cent of control absorption to the length of the blocking interval revealed a 
significant correlation (r — 0.67 p < 0.01). 


TABLE II. Errecr Or DIFFERENT BLOCKING INTERVALS ON THE ABSORPTION OF RADIOIRON BY 
IRON DEFICIENT PATIENTS WHEN A BLOCKING Dose or FeSO, Was GIVEN 


PER “CEN T “CONTRI 


ABSORPTION 
ABSORPTION OF BLOCKING BLOCKED 
Fes9 DOSE OF ABSORP. — x 100 
(% OF DOSE) FeSO, UNBLOCKED | 
PATIENT | CONTROL | BLOCKED | MG. Fe/KG. | ‘ ABSORP. _ 
A. Blocking interval Al. D,* 56 17 5 30 
1% hr. De 41 20 4 49 
B. Blocking interval Average of 10 44 21 2 or 4 48 
3 hr. experiments 
(see Table I) 
C. Blocking interval L. J. 31 21 2 
4 hr. A.B. 53 38 2 72 
D. Blocking interval R. J. 63 71 4 113 
6 hr. et 50 40 4 80 
E. 8. 30 26 4 87 


*Al. D. and I. P. each received a tracer dose of 1 mg. Fe per kilogram. All the other 
subjects received 5 mg. Fe in the tracer dose. 


4. Ineffectiveness of FeCl, in producing a block in iron deficient subjects: 
Ten subjects were given ferrie chloride as a blocking agent, and the degree of 
block was measured at intervals of 3, 4, and 6 hours (Table III). There was 
no significant correlation between the degree of block and the length of the 
blocking interval. The data were then pooled and analyzed for degree of 
block by the paired ‘‘t’’ test. This test revealed that, in iron deficient sub- 
jects, no significant blocking effect was produced by ferric chloride, in a dose 
of 2 mg. Fe per kilogram, given 3 to 6 hours before the tracer dose (p > 0.50). 
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TaBLe Ill. Errecr or DirreRENT BLOCKING INTERVALS ON THE ABSORPTION OF RADIOIRON 
BY IRON DEFICIENT PATIENTS WHEN A BLOCKING Dose or FeCl, (2 MG./KG.) WAS GIVEN 


PER CENT OF CONTROL 
ABSORPTION OF ABSORPTION 


(% OF DOSE) ABSORP. 100) 


PATIENT CONTROL BLOCKED 


UNBLOCKED ABSORP. 
A. Blocking interval ad. Fs 28 (35)* 38 (44)* 136 
3 hr. M. B. 40 (42)* 28 (30)* 70 
29 22 76 
24 26 108 
50 45 90 
45 44 98 


B. Blocking interval J. 63 42 67 
4 hr. > 48 34 71 
C. Blocking interval . M. 29 27 93 
6 hr. A.D. 50 50 100 


*Figures in parentheses represent Fe® absorption as measured by fecal recovery. 


5. Delineation of degree of block: We have demonstrated that block to 
iron absorption in iron deficient subjects occurs to a significant degree in these 
experiments when ferrous sulfate is given in doses of 2 mg. or more of iron 
per kilogram of body weight and with a blocking interval of 3 hours. The 
degree of block under these cireumstances was determined in 10 experiments. 
The mean absorption of a blocked dose of iron was 21.1 per cent with a stand- 
ard error of +3.4 per cent; the mean unblocked absorption of a comparable 
test dose by 17 iron deficient patients was 44.2 per cent with a standard error 
of +3.5 per cent (Table 1). Expressed in another way, the mean blocked 
absorption of iron deficient patients was approximately 48 per cent of the 
mean control absorption. At the 3-hour interval, there was no significant cor- 
relation between the degree of block and the magnitude of the control absorp- 
tion (r — —0.37; p > 0.1). 


6. Effect of decreasing the blocking dose (1 subject): An attempt was 
made to determine the minimum dose of iron which would be effective in 
blocking the absorption of a tracer dose by an iron deficient woman (D.D.). 
Her unblocked absorption of a 5 mg. test dose of radioiron as FeSO, was 
found to be 31 per cent. Then the blocking effectiveness of successive 4, 2, 
and 1 mg. per kilogram doses of iron as FeSO,, with a constant 3-hour block- 
ing interval, was determined. The results of this experiment are shown 
graphically (Fig. 1). The 4 mg. per kilogram blocking dose reduced absorp- 
tion of the tracer to 12 per cent; the 2 mg. per kilogram block reduced ab- 
sorption to 5 per cent; the 1 mg. per kilogram block resulted in only a slight 
reduction below the control value—24 per cent, as compared to 31 per cent. 
These results suggested that (at least in this one iron deficient subject) a 
definite threshold for block might exist. The facet that there is not a linear 
relation between the size of the blocking dose and the degree of block is prob- 
ably due to variation in the individual’s susceptibility to a ‘‘block’’ at differ- 
ent times. It has been shown, in a larger population of iron deficient subjects, 
that (with FeSO,, at a 3-hour blocking interval) there is no significant differ- 
ence in the blocking effectiveness of doses of 2 and 4 mg. Fe per kilogram. 
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D.D.g 51.5 Kg 
3-Hr. Blocking Interval 


[] Unblocked Absorption 


VA Absorption from 
Y Blocked Dose 


iron Absorption from 5mg. Test Dose 


Mg. Fe in Blocking Dose 
Mg. Fe per Kg. Body Wt. 


Fig. 1.—The effect of progressively smaller blocking doses of ferrous sulfate on the 
absorption of a test dose of radioiron by an iron deficient patient. Each column shows the per 
cent of the tracer dose (5 mg. Fe as FeSO.) absorbed. The white column shows the absorption 


when no blocking dose had been given; the 3 striated columns show the absorption of the 
tracer when given 3 hours after blocking doses of (1) 4 meg. Fe per kilogram, (2) 2 mg. Fe 
per kilogram, and (3) 1 mg. Fe per kilogram, 


% in 
M.L. Fe Deficient S.S. Fe Deficient 


i 


4 


g Unblocked 
Absorption 


i 


VA Absorption from 
ZA Blocked Dose 


w 
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Absorption of Radioiron from Test Dose(SmgFe) 
nm 
i 


TRACER TRACER vit.c Vit TRACER 
with with with with with 


Biock- TRACER Bloch- TRACER 
I ingDose Dose j my ing Dose Dose | 
Blocking Dose-2mg Fe/Kg. Blocking Dose - 2mg. Fe/Kg. 


Fig. 2.—The effect of a supplement of one gram of ascorbic acid on the absorption of 
unblocked and blocked test doses of radioiron by two iron deficient subjects. The blocking dose 
of FeSO, (2 meg. Fe per kilogram) was given 3 hours before the tracer. The white columns 
show the absorption of the tracer when no previous blocking dose had been given. The 
striated columns show the absorption of the tracer after a blocking dose (given alone or 
with ascorbic acid). The column farthest to the right, in each study, shows the absorption of 
a “blocked” tracer dose when ascorbic acid was given with the tracer. 
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7. Effect of ascorbic acid on the block (2 subjects): The effeet of ascorbic 
acid upon the blocking phenomenon was observed in 2 iron deficient subjects. 
In the first subject (M.L.) unblocked absorption of the tracer dose was 45 
per cent when the iron was given alone and 57 per cent when it was given 
with 1 Gm. of aseorbie acid. A 2 mg. per kilogram blocking dose of iron, 
given as FeSO, at a 3-hour blocking interval, produced a definite block (19 
per cent absorption). When, however, 1 Gm. of ascorbie acid was given with 
a blocking dose of the same size, absorption was increased from 19 to 30 per 
cent. When, in a fourth experiment, this patient was given ascorbie acid 
with the tracer dose rather than with the blocking dose, the absorption of the 
iron was 36 per cent (Fig. 2). 

The second subject (S.S.) absorbed 63 per cent of her unblocked tracer 
dose of iron, A 2 mg. per kilogram blocking dose of iron as FeSO,, given 3 
hours before the tracer, reduced absorption from 63 to 16 per cent. One gram 
of ascorbie acid, when added to the blocking dose in another experiment, had 
no effect in overcoming the block—her absorption was 12 per cent; but another 
one gram dose of ascorbic acid, when added to the tracer, increased absorption 
of the blocked dose to 31 per cent. The results for both patients are shown 
graphically (Fig. 2). 

The experiments in these 2 iron deficient patients suggest that adminis- 
tration of one gram of aseorbie acid with the tracer dose of iron may in some 
instance improve absorption of the metal, regardless of whether a prior block- 
ing dose has been given. When given with the blocking dose, ascorbie acid 
had no consistent effeet on the absorption of the tracer dose administered 3 
hours later. 


8. Effect of multiple blocking doses (different conditions of block): Four 
iron deficient patients were studied to determine the effectiveness of multiple 
blocking doses of iron, given over a period of 24 hours or longer. The test 
dose of radioiron used in this study was 1 mg. Fe per kilogram of the patient's 
body weight and was given as ferrous sulfate. To the first patient (L.K.) a 
blocking dose of 40 mg. Fe as FeSO, in solution was given every 3 hours for 24 
hours; the last dose was given 3 hours before the tracer dose of radioactive iron. 
No block could be demonstrated. In two other studies, 52 and 130 mg. blocking 
doses of iron as ferrous sulfate were given every 3 hours for 24 hours to iron 
deficient subjects and were likewise ineffective in producing a block. The 130 
mg. dose was administered in tablet form to A. S.; even though it was equiva- 
lent to 2 mg. Fe per kilogram, the time necessary for disintegration of the 
tablets makes it unlikely that the concentration of iron in solution within the 
upper intestinal tract was ever as great as if the ferrous sulfate had been 
given in liquid form. Finally, in a fourth study a solution of 51 mg. of iron 
as FeSO, was administered to an iron deficient woman (G.S.) daily for 4 days 
before the tracer dose and reduced her absorption of the tracer to approxi- 
mately 50 per cent of the control value. The results of these experiments are 
tabulated (Table IV). 


It is unusual that ‘‘econtrol’’ absorption values in 3 of these 4 subjects 
were less than 15 per cent of the 1 mg. per kilogram test dose of iron as FeSQ,. 
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In another series of iron deficient subjects the average absorption of a dose of 
this size was 47 per cent.’ In only one patient (L. K.) was there an explana- 
tion for this low absorption, namely, an intereurrent cellulitis, which may 
have reduced the utilization of the absorbed iron and resulted in an erroneously 
low figure fer absorption (sinee absorption was measured by blood radioiron 
alone). These data suggest (1) that the doses of iron employed to produce a 
block by a multiple dose schedule were below an effective blocking threshold and 
(2) that the size of individual blocking doses is more important in producing a 
block than the cumulative effeet of multiple doses. 


TABLE LV. Errect of MULTIPLE BLOCKING Doses ON THE ABSORPTION OF A STANDARD TEST 
Dose OF RADIOIRON BY IRON DEFICIENT SUBJECTS* 


ABSORPTION OF Fe5® 
HEMOGLOBIN | HEMATOCRIT % OF DOSE - 
SUBJECT | (GM./100 ML.) (%) CONTROL BLOCKED’’| CONDITIONS OF BLOCK 


l. L. K. 5.1 ‘ 11 12 40 mg. Fe as FeSO, 
solution every 3 
hours for 24 hr. 
6.4 13 11 52 mg. Fe as FeSO, 

solution every 3 
hours for 24 hr. 

40 130 mg. Fe as FeSO, 
tablets every 3 hr. 
for 24 hr. 

10.4 38.5 14 51 mg. Fe as FeSO, 

solution daily for 
4 days 


*The test dose was 1 mg. Fe per kilogram given as Fe®SO,. 


TABLE V. ABSORPTION OF RapIoAcTIVE IRoN BY NoRMAL Sussecrs; Tracer Dose or 5 Ma. 
or Fe as Fe5®SO, 


ABSORPTION AS MEASURED BY 
FECAL 
HB, S.L/T.LB.C.*  |Fe5® IN BLOOD! RECOVERY 
SUBJECT | SEX | (GM./100 ML.) | (wG/100 ML.) | (%) 
15.2 127/280 
17.9 126/378 
107/325 


2 
u 


138/28 
126/317 
73/279 
92/263 
80/242 
103/193 
73/279 
122/221 
Range 1.7 to 27.2 7.1 to 32 
Mean + S.E. 10.8 + 1.8 16.8 + 2.2 
*S.1. serum iron; T.LB.C total iron-binding capacity of serum, 


B. Normal Subjects.— 


1. Unblocked absorption: Unblocked iron absorption was studied in 14 
normal subjects (Table V). When a test dose of radioiron (5 mg. Fe as FeSO,) 
was given, absorption averaged 16.8 per cent, with a standard error of + 2.2 


15.9 
| 16.9 
9.0 
11. 
4 12. 
13. 
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per cent (range 7.1 to 32 per cent) when measured by the feeal recovery method; 
and utilization averaged 10.8 per cent with a standard error of +1.8 per cent 
(range 1.7 to 27.2 per cent) as measured from the radioiron in the hemoglobin. 
There was no significant correlation between iron absorption and hemoglobin, 
hematoerit, serum iron, or unsaturated iron binding capacity in these normal 
subjects. 

2. Blocking effect of ferrous sulfate: Table VI records the data on the 
blocking effect of 2 and 4 mg. per kilogram doses of ferrous sulfate given from 
3 to 6 hours prior to the tracer dose, In order to compare data on different 
subjects, the per cent of the control (unblocked) absorption was calculated as: 


‘Blocked’? absorption 100 


“Unbloeked’”’ absorption 


Inspection of the data demonstrates: (1) that a block was not produced in 
all instances, (2) that there was no consistent difference between the effect of 
the two blocking doses, and (3) that there was no consistent difference in 
results when the interval between the blocking and the tracer doses was varied 
from 3 to 6 hours. 

Statistical analysis of the data revealed no significant correlation between 
the blocking interval and the degree of block, regardless of whether absorp- 
tion was measured by blood utilization or fecal recovery. 


3. Effect of ferrous sulfate and ferric chloride as blocking agents in nor- 
mal subjects: In 3 normal subjects, the blocking effect of ferrous sulfate and 
ferrie chloride was compared at a dose level of 2 mg. Fe per kilogram of 
hody weight, given 3 hours prior to the tracer dose (Table VII). In M. M. 
a greater blocking effect was observed with ferrie chloride than with ferrous 
sulfate; in the other two subjects the difference in the effects of the two bloek- 
ing agents was small. 


4. Effect of ascorbic acid: Ascorbie acid in doses of 500 mg., dissolved 
in 200 ml. of orange juice, was given to 6 normal subjects at hourly intervals 
between the blocking and tracer doses of ferrous sulfate (Table VIIT, A). 
Although in two instances the resulting block was of lesser degree, evaluation 
of the results by analysis of variance showed no significant difference. 

It was thought that the fluid ingested with the multiple doses of aseorbie 
acid might have altered iron absorption by causing the iron to be washed 
through the small intestine, and that a single large dose might avoid this ob- 
jection. Accordingly, additional observations were made on 4 subjects. Two 
men who had received the preliminary blocking dose of iron were given, after 
a 6-hour interval, one gram of ascorbic acid with the tracer dose. One (F. K.) 
showed a diminution of the block; the other (J. S.) showed no significant 
change in the block. A third subject (B. J.) received one gram of ascorbic 
acid 3 hours after the blocking dose of iron (midway between the blocking 
dose and the tracer dose) and showed improved absorption of the tracer iron. 
A fourth subject (M. M.) was given 500 mg. of aseorbie acid with the block- 
ing dose. Blocked absorption was less when ascorbie acid was given than 
when it was omitted. 
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TABLE VII. COMPARISON OF THE BLOCKING Errect OF FERROUS SULFATE AND FERRIC 
CHLORIDE IN NORMAL SUBJECTS 


ABSORPTION OF TRACER DOSE OF 
5 MG. Fe as Fe5*SO, 


|AFTER FeSO,| AFTER FeCl, 
ABSORPTION CONTROL BLOCK* BLOCK* 
__ SUBJECT MEASURED BY % _(%) 


M. M. Feeal ree overy 25.7 15.0 
_ Hb utilization 27. 9.4 

B. H. Feeal recovery od 3.1 
Hb utilization " 2.0 

dD. W. Fecal recovery 3. 9.9 
Hb utilization 9. 2.4 


*The blocking dose was 2 mg Fe per Kg., given 3 hours before the tracer ‘dose. 


TasBLe VIIT. Errecr or Ascorsic ON THE BLOCK PRopUCED BY FERROUS SULFATE IN 
NORMAL SUBJECTS 


ABSORPTION IN BLOCKED ABSORP- | BLOCKED ABSORP 
UNBLOCKED | ION WITHOUT TION WITH 
CONTROL | __ASCORBIC ACID ASCORBIC ACID 
IBY FECAL IBY FECAL| BY FECAL 
Fe5® IN | IN | RECOv- | Fe5® IN | RECOY- 
BLOOD RY BLOOD | : BLOOD | ERY 
DOSAGE AND PATIENT HOURS (%) (% Zs 1” Lim (% ) (%) 


A. Ascorbic acid 500 
mg./hr, between 
block and tracer 

.B. 


tn én 


=3 ts ts 


4 
4 
1 


M, 

B. Ascorbie acid 500 
mg. with blocking 
dose. (2 mg. Fe/ 
Kg.) 

Ascorbie acid 1,000 
mg. midway be 
tween block and 
tracer 

Aseorbie acid 1,000 
mg. with tracer 


a 


6. 
l. 
3. 
3. 
4. 
9. 


= 
— 


6 15.2 22.8 3.8 7.2 9.1 20.0 
J. Ss. ae 8.6 15. 9 3.4 4.3 1.5 2.3 


“The: bloc king dose was 4 mg. Fe per kilogram ‘except in ‘the case of M. M. who received 
2 mg. Fe per kilogram. The test dose was 5 mg. Fe as Fe™SOx,. 


TABLE LX, COMPARISON OF THE ABSORPTION OF BLOCKED AND UNBLOCKED Doses or Rapto- 
IRON BY NORMAL SUBJECTS 


ABSORPTION OF _TE ST DOSE 
MEASU RED BY FECAL RECOVERY |_ ME, ASU RED BY Fe5® IN BL OOD 
| STAND- | | STAND? | 
NO. OF CONDITION OF ARD | ARD | 
SUB- RADIOIRON MEAN ERROR | RANGE MEAN ERROR RANGE 
JECTS ADMINISTRATION (%) (%) | (%) | 


14 Unblocked * 16.8 422 to 320 to 272 
27 Bloe *ked t 11.8 +1.6 4 to 29.0 6.0 +0.9 12 to 17.5 


Fourteen experiments shown in Table V. 


tIncludes 16 experiments from Table VI, 3 experiments from Table VII, and 8 experiments 
from Table VIII, A, B, and C; the experiments from Table VIII, D have not been included. 


2 
2.2 
7.3 
4.1 
12.4 
3.5 
6 54 7.8 14 16.1 
B. J. 6 1.7 4.9 
PF. K. 6 15.2 22.8 7 7.3 ; 
J.8. 6 8.6 15.9 20.6 
) “0 8.1 
26.5 
‘ 15.0 3.6 7.4 : 
15.3 
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5. Delineation of the degree of block: Sinee no significant or consistent 
effect of blocking interval, blocking agent, or ascorbie acid could be demon- 
strated, all these groups were pooled to evaluate whether or not a significant 
block to iron absorption occurred in normal subjects. It was assumed that 
the 2 and 4 mg. Fe per kilogram blocking doses were equally effective in nor- 
mal subjects, as they had been shown to be in the iron deficient patients. With 
this pooling of data, 27 observations were available for analysis. It was found 
that a significant block to iron absorption could be produced in normal sub- 
jects both when measured by fecal recovery and when measured by blood 
utilization (p < 0.01). Values comparing the bloeked and unblocked absorp- 
tion are shown in Tables VI to LX and are graphed in Fig, 3. 


Fe- DEFICIENT 


NORMALS 


Std. Error 


BLOCKED 


' 


FECAL RECOVERY 68LOOD UTILIZATION 


~" 
E 
c 
= 
c 
= 
a 


' 


BLOOD UTILIZATION 


Fig. 3.—A comparison of the mean absorption of a test dose 


alone (white columns) and after a “blocking” dose of iron (striated columns) to normal and 
iron deficient subjects. The blocking dose for each group was either 2 or 4 mg. Fe per kilogram 
as FeSO, (except in 3 normal subjects who received 2 mg. Fe per kilogram as FeCl,). The 
blocking dose was given 3 hours before the tracer to iron deficient subjects and 3, 4, or 6 hours 
before the tracer to normal subjects. 


of radioiron when given 


C. Comparison of Average Degree of Block in Normal and Iron Deficient 
Subjects —The mean absorption of a ‘‘bloecked’’ dose of iron by 27 normal sub- 
jeets was 11.8 + 1.6 per cent (as measured by fecal recovery) ; the mean un- 
blocked absorption of 14 normal subjects was 16.8 + 2.2 per cent (Table LX). 
In the series of iron deficient patients the mean absorption (utilization) of a 
‘*blocked’’ dose of iron was 21.1 + 3.4 per cent; the mean unblocked absorp- 
tion was 44.2 + 3.5 per cent (Table 1). Expressed in another way, the mean 
blocked absorption of the normal subjects was 70 per cent of the mean control 
absorption, and for iron deficient subjects the corresponding figure was 48 
per cent. 


II. EXPLORATION OF THE MECHANISM OF THE BLock.—The preceding experi- 
ments have defined some of the conditions necessary for the production of a block 


% 
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to iron absorption in the iron deficient and in the normal subject. The experi- 
ments to be deseribed were undertaken with the object of exploring the mech- 
anism and site of the block. 


A. Measurement of the Amount of Iron Remaining in the Stomach After 
Three Hours.—A possible explanation of the blocking effect of a large antecedent 
dose of iron is that a portion of the large dose may linger in the stomach until 
the time when the tracer is given and become mixed with it. Mixing would re- 
duce absorption by diluting the amount of tracer in the gut. Experiments were 
planned (1) to measure the amount of the blocking dose which was still in the 
stomach at the end of 3 hours and (2) to determine the effeet on absorption of 
mixing the “blocking” and “tracer” doses before they were ingested. 


TaBLe X. FouNp IN STOMACH WHEN LAVAGE Was PERFORMED THREE Hours AFTER 
GIVING A BLOCKING Dosr’’ 


Fe or 
RECOVERED BY 
(GASTRIC) LAVAGE 

NORMAL OR IRON BLOCKING DOSE AT 3 HR, 
SUBJECT | DEFICIENT (MG. ) (% OF DOSE) 


4%, Normal 320 mg. 

Fe+459 

Normal 280 mg. 
Fe++ 

Fe-Def. 109 mg. 
Fe++4+59 

Fe-Def. 111 mg. 
Fe+ + 


*In the first experiment on E. B. and in the experiment on J. B., the radioiron was mixed 
with the “blocking dose.” 


tFe was measured by radioactivity measurement. 
tFe was measured chemically 


A normal man, E. B., who had previously taken blocked and unblocked 
tracer doses of radioiron, took by mouth, in a single dose, 320 mg. of iron as 
ferrous sulfate (4 mg. Fe per kilogram) tagged with Fe’. At the end of 3 
hours a gastric tube was swallowed and the stomach was thoroughly lavaged. 
The residual iron was determined and found to be 8.4 per cent of the amount 
ingested.* In other words, of the 320 mg. of Fe taken by mouth, only 8& per 
cent (26 mg.) was in the stomach and potentially available for mixing with 
a subsequent dose at the end of 3 hours. At the end of 6 hours presumably 
even less would have been available for mixing. This subject absorbed 6.8 per 
cent of the test dose as measured by feeal recovery and 4.1 per cent by blood 
utilization. A second subject, E. M., was given a 4 mg. per kilogram blocking 
dose of ferrous sulfate and underwent gastrie lavage 3 hours later. Only 0.04 
per cent of the iron was recovered in the gastric washings (Table X). Similar 
experiments were done on two iron deficient patients; the amounts of iron re- 
covered by gastric lavage after a 3-hour interval were 0.7 per cent and 7.2 per 
cent, respectively (Table X). Of the two subjects who had residual gastrie iron 
values of 7 per cent or over, E. B. had taken black coffee 30 minutes before the 


*The iron was determined by measurement of the radioactivity and by chemical analysis. 
The two methods agreed within 1 per cent. 
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dose of iron and A. B. had taken a Coea-Cola and some crackers an hour before. 
It is possible that the beverage and/or food may have slowed gastric emptying 
in these two subjects. 

The foregoing observations suggest that there is no significant gastrie mix- 
ing of the antecedent blocking dose with the tracer and that mixing alone 
does not play an important role in producing a block. No attempt was made 
to determine the residual iron in the duodenum at the site of presumed maxi- 
mal absorption. Motility characteristies of this portion of the bowel make 
any large residual there unlikely. 

B. Measurement of Absorption of the Blocking Dose and of the Tracer Dose 
Simultaneously by the Double Isotope Technique.—Some insight into the meeha- 
nism of the “block” might be gained if the absorption of the blocking dose could 
be measured and compared with the degree of absorption of the tracer. By 
labeling the blocking dose with one isotope of iron (Fe**) and the tracer dose 
with another (Fe°*) the level of absorption of each dose could be determined. 
Two normal and two iron deficient subjects were given, in successive experi- 
ments, (1) an unblocked test dose of Fe®*SO,, (2) a blocking dose of Fe*C|l,, 
followed by a test dose of Fe®*SO,, and (3) a blocking dose of Fe®SO,, fol- 
lowed by a test dose of Fe®*SO,. If a greater block were to be produced con- 
sistently by the better absorbed FeSO, than by FeCl, the result would sug- 


gest an intramucosal site for the “block.” On the other hand, if there were no 
correlation between the amount of the blocking dose absorbed and its blocking 
effect, it would be tempting to believe that simple accumulation of iron salts 
in the lumen of the gut had served to make the radioiron less available to the 


absorbing surface. 


TaBLE XI. COMPARISON BY THE DouBLE IsoToPE TECHNIQUE OF ABSORPTION FROM THE 
TRACER AND THE ‘‘ BLOCKING’’ Doses Or TRON 


AFTER AFTER | ABSORPTION FROM THE 
FeCl, FeSO, BLOCKING DOSE OF 
ABSORPTION CONTROL BLOCK BLOCK FesCl, | FeSO, 


| ABSORPTION OF TRACER DOSE 
MEASURED BY 


SUBJECT (%) (%) 
D. W. Normal Feeal recovery 3.7 9.9 
Hb utilization 9. 3. 2.4 
B. H. Normal  Feeal recovery 3.1 
Hb utilization 2.0 
J.P. Fe-def. Feeal recovery 34. a 31.8 
Hb utilization 28. 37. 25.7 
M.B. Fe-def. Feeal recovery f 29. 29.6 
Hb utilization 2 28. 28.0 
Tracer dose 5 mg. Fe as FeSO. 
Blocking dose 2 mg. Fe per kilogram of body weight. 
Interval between blocking and tracer doses 3 hours. 


Results were not consistent enough to differentiate between these two possi- 
bilities. While somewhat better “block” was produced by the blocking dose of 
ferrous sulfate in 3 instances, there was no clear correlation between the amount 
of iron absorbed from the blocking dose itself and the decrease in absorption of 
the tracer dose (Table XI). In the fourth instanee (M. B.), there was con- 
siderably greater absorption of ferrous than of ferrie iron from the blocking 


(%) 
3 11.6 12.6 
1.0 5.8 
4 11.3 14.4 
2.5 4.2 
9.1 17.1 
3.2 13.6 
5.5 26.3 
5.1 13.7 
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doses, yet the blocking effect on the tracer dose was equal. Interpretation of 
results is further complicated by the difference in values for absorption of the 
blocking doses obtained by the feeal recovery and iron utilization methods. 

C. Attempts to ‘* Block’’ Iron Absorption by the Parenteral Administration 
of Iron.—In another study, utilizing a different approach, an attempt was made 
to block absorption of radioiron in a normal subject by artifieally saturating 
the plasma iron-binding capacity by intravenous injection of saecharated iron 
oxide. It was reasoned that, if the plasma transferrin were completely saturated 
with iron, it could not accept iron from the intestinal mucosal cell and that, as 
a result, iron in the process of absorption might accumulate in the mucosal cell 
and “block” the further absorption of additional iron. A normal subject, W. M., 
took by mouth an unblocked tracer dose of iron and his absorption was meas- 
ured. In a second experiment, 3 hours before the oral tracer dose was to be 
given, he received saccharated iron oxide (containing 50 mg. Fe) intravenously 
in order to saturate his iron-binding capacity. Additional injections of 100 
mg. Fe were given at the time of the oral dose and 21% and 5% hours later, in 
order to keep the transferrin saturated with iron throughout the absorptive 
period. The procedure was successful in raising the level of the serum iron to 
values 5 to 10 times normal and in completely saturating the iron-binding ca- 
pacity (Table XII). However, no block to iron absorption occurred (as meas- 
ured by feeal recovery). The chief effect of the parenteral iron was to reduce 
the utilization of the absorbed iron. Only 20 per cent of the absorbed radioiron 
was utilized for hemoglobin synthesis, as compared to 60 per cent in the con- 
trol experiment (Table XII). The result of this isolated experiment confirms 
in a human subject experiments performed on dogs.** The combined evidence 
is at variance with Laurell’s hypothesis that the amount of transferrin available 
to bind iron regulates the amount of iron absorbed.*" If the parenterally ad- 
ministered iron actually “blocked” the mucosal cell as well as the plasma accep- 
tor for iron, the block was a very inadequate one, since one-third of the oral 
tracer dose penetrated it. 


TABLE XII. ATreMpT TO BLOCK THE ABSORPTION OF A STANDARD DOSE OF RADIOIRON BY 
SATURATING THE PLASMA TRANSFERRIN OF A NoRMAL Supsect, W. M. 
5 Ma. Fe as Fe5980O, Was Given ORALLY at THREE Hours 


SACCHARATED 
TIME | SERUM IRON U.1.B.c,* 


Fe OXIDE Ly. 
(AR. ) uG/100 ML. ua/100 ML. (MG. ) 
0 123 117 50 
3 S44 0 100 
5% 835 0 100 
sy 913 0 100 


Results : ( a) Control absorption, 32 0 per cent: utilization, 19.0 ‘per cent. “(b) “Blocked” 
absorption, 33.5 per cent; utilization, 6.7 per cent. 
*U.LB.C. unsaturated iron-binding capacity of serum. 

DISCUSSION 
The above studies establish the fact that a block to iron absorption ean 
be produced in human subjects by the administration of moderately large 
doses of iron salts several hours prior to the tracer dose. The block was never 
complete; it varied considerably in different subjeets and was not consistently 
observed. The reason for the rather striking variations is not known, but 
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several possible explanations may be offered: (1) the degree of block may be 
modified at different times by factors which are still obscure; or (2) differ- 
ences in intestinal motility, gastrointestinal mucus, or pI may alter the time 
the iron is in contact with the mucosal surface or the chemical changes it 
undergoes in the intestinal tract. As a result, the effectiveness of the block 
would be changed. Every subject was employed as his own control, but ab- 
sorption of an unblocked tracer dose probably also varies from day to day be- 
cause intestinal motility, ete., cannot be standardized. Even so, statistical 
analysis demonstrated clearly that a block was produced in most instances. 
Its duration in normal subjects was approximately 6 hours. 

Absorption of the blocked tracer dose averaged 70 per cent of control 
values for normal subjects and 48 per cent for iron deficient patients (Fig. 3). 
It is felt, however, that no conelusions about the relative efficiency or degree 
of block should necessarily be drawn because values for the normal are much 
lower than for the iron deficient subjects and further depression may be more 
difficult to detect. The fact that the block is of shorter duration in iron de- 
ficient patients (approximately 3 as opposed to 6 hours) may reflect their in- 
creased efficiency of uptake and indicate that they ‘‘clear’’ their mucosa 
more rapidly. That interpretation would favor an intramucosal rather than 
an intraluminal site for the ‘‘block.’’ 

Ferrie chloride was relatively less effective as a blocking agent than was 
ferrous sulfate. Since evidence indicates that iron must be reduced to the 
ferrous form before it can be assimilated, the reduction rate of the ferric 
chloride in human subjects may be so slow that the necessary concentration of 
ferrous ions to produce a block may not be achieved. There were several ex- 
ceptions (Tables III and VII) as one might expect if there were variation in 
the reduction capacity of the intestinal tract at different times. It will be 


remembered that dogs are capable of absorbing ferrie iron well, presumably 
because they reduce it more rapidly; in these animals, ferric iron is an effee- 
tive blocking agent.® * 


Ascorbie acid was added to blocking doses of ferrous sulfate, to the tracer 
dose, or given between the two to find out whether it would decrease the de- 
gree of any block (Fig. 2, Table VIII). Asecorbie acid has been shown to in- 
erease the absorption from ferrie chloride and from food iron,?*-*° presum- 
ably by accelerating the conversion of ferrie to ferrous iron. The possibility 
has never been excluded, however, that it may exert its augmenting effect on iron 
absorption in some other way, e.g., by forming a chelate which might be taken 
up by the intestinal mucosa more easily, by increasing transport across cellular 
membranes, or by aiding the transport of mucosal iron to blood and other tissues. 
The effect of ascorbie acid was so irregular, however, that no definite conclusions 
ean be drawn. Irrespective of which schedule of ascorbie acid administration 
was employed, absorption was augmented in only half the eases (Fig. 2, Table 
VIII); in several instances, assimilation was even decreased. 

The conditions responsible for a block of absorption in these studies are 
somewhat artificial and not likely to be encountered in man except when iron 
salts are taken medicinally or under unusual circumstances when large 
amounts of iron are found in beverages or in food (as among Bantus from 
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cooking in iron pots). Under ordinary conditions of diet, the amounts of iron 
in food are so small (12 to 20 mg. per day) that they would not be able to 
produce the kind of block observed in these experiments. Furthermore, ab- 
sorption from therapeutic doses of iron, or from beverages and food contain- 
ing relatively large amounts of iron, has been great enough to cause ‘‘iron 
overload.”*"* Any block which did occur under these circumstances was not 
great enough to prevent accumulation of abnormally large amounts of the 
metal. It is of interest that multiple doses of approximately 1 mg. of iron as 
ferrous sulfate per kilogram of body weight given every 3 hours for one day 
or at daily intervals for 4 days failed to produce any appreciable block 
(Table 1V). Under these circumstances, the effect was apparently not cumu- 
lative. Size of the blocking dose itself seemed to be of more importance than 
the duration of administration. In addition, as has already been emphasized 
in the introduction, there has been a tendency in the literature to equate the 
block produced by large doses of inorganic iron salts with the fact that nor- 
mal persons assimilate iron less well than do those who are iron deficient. 
The situations are quite different, and may be—indeed, probably are—the 
result of entirely different mechanisms. 


The degree of block to iron absorption demonstrated in normal subjects 
is certainly inadequate to prevent the absorption of unneeded iron from the 
diet. One would have little difficulty, for example, in explaining the large 
tissue iron accumulation in Bantu natives, whose diet has been estimated to 
contain as much as 200 mg. of iron per day.’ Using figures derived from our 


observations on normal subjects, a ‘‘block’’ in the Bantu would reduce ab- 
sorption from an expected 34 mg. to 23 mg. This would still yield an in- 
erement of iron for shunting to storage depots of 22 mg. in excess of the adult 
male’s estimated daily requirement. From our observations it also seems 
probable that large amounts of iron may be absorbed and stored by the un- 
fortunate patient who is anemic but not iron deficient and who may be given 
iron medicinally for a prolonged period in a vain attempt to cure his anemia. 
These considerations re-emphasize the dangers of indiscriminate iron therapy 
due to overestimating the safeguard provided by a supposed ‘‘ mucosal block.”’ 

The nature or mechanism of the block was not discovered. The possibility 
that the results were an artefact produced by retention of a large portion of 
the blocking dose in the stomach and subsequent mixing with the tracer fer- 
rous sulfate was ruled out. Saturation of the transferrin with parenterally 
administered saccharated iron oxide did not reduce absorption of iron from 
the tracer dose. Evidently, neither saturation of the iron-binding capacity 
nor elevation of the serum iron after the blocking dose was the mechanism 
whereby absorption of the tracer iron was ‘‘blocked.’’ In 4 experiments, the 
double isotope technique was employed to determine whether increased ab- 
sorption of the blocking dose (tagged with Fe) could be correlated with 
greater degree of block of the Fe®® tracer dose (Table XI). No sueh correla- 
tion was evident, even though a surprisingly large amount of the iron in the 
blocking doses was absorbed. The data, therefore, are not definitive enough 
to indicate clearly whether the block was intraluminal or within the mucosal 
cells. 
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SUMMARY AND CONCLUSIONS 


The block to iron absorption produced by large doses of inorganic iron 
given several hours before a tracer dose tagged with Fe®® was studied in iron 
deficient and in normal human subjects. The results were not uniform: they 
varied from subject to subject, and also in the same individual, but demon- 
strated the following general characteristics of the block. 

1. Blocking doses of 2 to 4 mg. of iron per kilogram of body weight given 
several hours before a 5 mg. tracer dose as ferrous sulfate did decrease ab- 
sorption in most instances although they never blocked assimilation com- 
pletely. 

2. The block was of shorter duration in iron deficient patients (about 3 
hours) than in normal individuals, in whom it persisted for about 6 hours. 

3. Ferrie chloride was less effective than ferrous sulfate in blocking iron 
absorption. 

4. Administration of ascorbie acid did not consistently reduce the block. 

5. Saturation of the plasma transferrin or elevation of the serum iron by 
parenterally administered iron did not cause decreased absorption from the 
tracer dose. 

6. In double isotope experiments with the blocking dose tagged by Fe** 
and the tracer dose by Fe°’, there was no consistent correlation between the 
absorption from the blocking dose and the degree of block. 

The discussion emphasizes: (1) the artificial nature of the block produced 
by large quantities of inorganic iron; (2) the fact that the amounts of food 
iron in an ordinary diet are so small that they could not be expected to pro- 
duce a block of this nature; (3) that this type of block cannot be used as an 
explanation for the lesser absorption of iron by normal than by iron deficient 
subjects; (4) that the site and nature of the block were not discovered. 

Block to iron absorption oceurs when a large dose of an iron salt has been 
administered several hours before a second ‘‘test’’ dose. This phenomenon is 
unphysiologiec and cannot be equated with the still undiscovered mechanism 
controlling iron absorption under natural conditions. Experimental evidence 
does not justify the current use of the term ‘‘mucosal block’’ to deseribe the 
physiologic regulation of iron absorption. Until the factors which control 
iron abserption are more clearly understood, the use of the phrase ‘‘ mucosal 
bloek’’ should be abandoned. 


We are indebted to Dr. Erie Reiss for advice in the statistical analysis of the data. 
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ERYTHROCYTE RADIOIRON UPTAKE IN THE RAT AND TILE 
EFFECTS OF COBALT 


Donavp R. Korst, M.D., AND FranK H. M.D. 
ANN Arpor, MICH. 
With THE TECHNICAL ASSISTANCE OF Mrs. ELIZABETH ONG 


HE rate of erythropoiesis as measured by incorporation of radioactive iron 

(Fe*") in hemoglobin is the methodology of this study. Techniques used 
are patterned after those of Plzak and associates.'. The turnover of radioiron 
in the rat affords a rapid and efficient measure of erythropoiesis and a means 
of studying erythropoietic stimulants or depressants. Tracer methods em- 
ploying preparations of high specific radioactivity which do not significantly 
affeet the metabolic iron pool have been used to study iron utilization in 
hemoglobin production by growing rats, iron deficient rats, and following 
blood loss.*- More recently the method has been applied in the study of cobalt 
polyeythemia,® the effects on erythropoiesis of radiation**® and of thermal 
injury,’ as well as the iron turnover in hypophysectomized rats as a means of 
measuring erythropoietic factors.® 


MATERIALS AND METHODS 


1. Female white (Sprague-Dawley) rats, weighing 150 to 200 grams, are maintained 
on a Rockland stock diet. They are weighed at the beginning and end of the study. Fe- 
male rats are preferred as their slower growth facilitates use of uniform weight groups 
which appears to be important. 


2. The test material, adjusted to a volume of 2 ml. per dose, is injected intraperito- 
neally, subcutaneously, or intravenously each day or twice daily for 2 or 3 days prior to 
the injection of the radioiron. Penicillin may be added to prevent infection, and Ringer's 
solution or physiologic saline is used as control test material. The route of administration 
does not appear to be critical, and the subeutaneous route is the easiest to use. 


3. Ferrous (Fe5%) citrate in aqueous solution is diluted so that 0.5 ml. contains 2 


ue of radioiron. The specific activity is 2,040 we per gram so that about one microgram of 
iron will be injected. This is given intravenously and enters the rat plasma iron pool which 
is about 4 to 5 wg. Using the same tuberculin syringe which is to be employed for all rats, 
standards are made up by adding 0.5 ml. or 2 we to a 250 ml. volumetric flask. Three 2 
ml. aliquots of each of these standards are measured for radioactivity, and the average is 
taken as the standard for total injected radioiron. The iron is injected within 4 hours 
after the last injection of the test material under study. A rubber band tourniquet is 
employed, the tail is warmed in water, and a No, 25 needle is inserted into a dorsal tail 
vein, 
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4. Blood is taken for hemoglobin measurements and scintillation well counting at 
18, 24, and 42 hours after the radioiron injection. The rats are lightly etherized to facili- 
tate working without excessive blood loss. The tail is warmed, and a dorsal vein is nicked 
followed by withdrawal of 0.02 ml. of blood into a capillary pipette. This is iminediately 
placed in 5 ml. of Drabkin’s cyanmethemoglobin solution. The tail is firmly held to 
prevent further blood loss. 

5. After determination of hemoglobin concentration, two 2 ml. aliquots of the same 
solution are placed into well counter tubes and counted. The activity, as measured in a 
standard well counter, usually ranges from 100 to 800 e.p.m. 

6. The assumed blood volume?® is taken as the weight in grams (average at beginning 
and end of study) x 4.59 per cent, expressed in milliliters. In these studies we found 
hemoglobin values of 14.7 + 0.9 Gm./100 ml. For purposes of standardization, we have cor- 
rected each rat’s hemoglobin (average of first, second, and third day values) to 15.0 Gm./100 
ml, 

Therefore: 
4.59) (Ave. Hb.) 
100 15.0 

Blood Vol. (ml.) = Ave. Wt. (Gm.) x Ave. Hb. (Gm.) « 0.00306 
(b) Total injected e¢.p.m. Fes? total injected e.p.m. 

Total injected ¢.p.m. = standard (2 ml.) ¢.p.m. x 125 

(standard 0.5 ml. diluted to 250) 

1.0 ml. 5 
0.02 ml. * 2 


A final formula to represent the per cent uptake of injected radioiron in the rats’ 
erythrocytes is: 


(a) Blood Vol. == (Ave, Wt. x 


Rat blood activity per ml. = == 196 


25 x e.p.m. in 2 ml. sample 


x (a) 

¢.p.m. (2 ml. sample) x 125 x Wt. x Ave. Hb. « 0.00306 
e.p.m, (2 ml, Std.) 125 

_ «p.m, (2 ml. sample x Wt. x Ave. Hb. x 0.306 

e.p.m, (2 ml, Std.) 


Per cent R.B.C. uptake = x 100 


x 


Animals were used in groups of 4 to 6 rats, and radioiron uptake observations were 
made during 3- to 5-day periods. The amounts of cobalt are expressed as elemental cobalt 
and were given in the form of the cobaltous chloride hexhydrate (CoCl,6 H,O) in solution. 
Splenectomy was performed on some of the animals under ether anesthesia. The splenic 
vessels were ligated with as little blood loss as possible. Hypophysectomized rats* were 
used 10 days or longer after operation. Cobalt polycythemia was induced in rats by giving 
cobalt, 2 mg. intraperitoneally each day for 25 days, in order to raise the hemoglobin to 
an average level of 18.5 Gm. 


RESULTS 
The mean uptake of the tracer at 1, 2, and 3 days is shown in Fig. 1 for 
full-grown rats and for rats with an average weight of about 180 Gm." The 


high uptake in the full-grown rats may be due to dietary iron deficiency, but 
the uptake curve was not affected by feeding iron nor was there demonstration 


of iron deficiency by measuring plasma serum iron levels of the full-grown 
rats. Serum iron determinations on both groups revealed a mean serum iron 
of 122 pg per 100 ml. of the pooled sera of 4 rats, which represented 26 per 
cent saturation of the total binding capacity of the rat serum. It may be that 
the full-grown rat has a normal iron turnover which plateaus at 90 to 100 per 


*Obtained from the Chicago Hormone Assay Laboratories. 
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cent in 2 or 3 days. The growing rats in the 180 Gm, range have a more rapid 
turnover with the plateau at 50 to 60 per cent. With medium-weight rats, 
mean normal uptakes of about 36 per cent in one day and 50 per cent in two 
days were observed, The second day value evidently represents a plateau or 
maximum concentration of the tracer in the circulating hemoglobin, as deter- 
minations on the fourth and fifth days after Fe’ injection revealed plateaus 
of between 48 to 55 per cent. The uptake curves are expressed as means of 
the members of each group of rats, with one standard deviation denoted by 
the vertical lines. 

Administration intravenously of freshly prepared nitrogen mustard (Mus- 
targen Bf) in a dose of 0.4 mg. per kilogram, 2 days prior to the iron injection, 
severely depressed the uptake of iron or iron turnover as shown in Fig. 1. 
When 1 mg. per kilogram of nitrogen mustard was given to 4 rats, all the 
animals died between the third and fourth day. The one rat which survived 
for 3 days had an iron uptake of 5 per cent shown in Fig. 1 by the symbol. 

Fig. 2 presents a summary of 3 experiments designed to determine the 
acute effects of cobalt on iron turnover. One group was given Ringer’s solu- 
tion intraperitoneally in place of cobalt. Each experiment utilized 4 or 5 
rats in a group, and the experiments were conducted simultaneously employ- 
ing the several doses of cobalt and the control material. The graph represents 
a summary of these experiments. The 0.19 mg. dose approximates 1 mg. per 
kilogram of body weight of elemental cobalt, and the 2 mg. dose approximates 
10 mg. per kilogram of body weight. The latter amount of cobalt approaches 
a lethal dose which is in the neighborhood of 12 to 15 mg. of elemental cobalt 
per kilogram of body weight. It undoubtedly exerts some toxic effects as well 
as stimulating erythropoiesis. The smaller dose of cobalt apparently exerted 
a greater effect on iron utilization. The iron turnover appeared to be similarly 
affected as compared to the normal control group, whether the cobalt had been 
administered for 25 days or for 3 days as shown in Fig. 3. 

Several groups of hypophysectomized rats were studied as shown in Fig. 4. 
The 24 hour iron uptake of such rats, not receiving cobalt, was about 12 per 
cent, which is in agreement with values of 10 per cent or lower at 16 and 18 
hours as previously reported.’ * There was a gradual rise in uptake to about 
30 per cent over the 3-day period. The effect of cobalt on these animals was 
more striking than on the normal rats as shown by approximately a fourfold 
increase in the Fe®* uptake at 48 hours. 

Splenectomy in rats has been said to influence the polyeythemia-producing 
property of cobalt."* Several groups of rats were subjected to splenectomy, 
and the results are shown in Fig. 5. The iron tracer given one day postsple- 
nectomy without any other medication revealed an iron uptake which was 
greater than that of normal rats, an effect probably attributable to blood loss 
during surgery. However, another group of rats splenectomized at the same 
time and given cobalt for 3 days before the iron tracer was injected, demon- 
strated a significantly higher uptake than either the unoperated control or the 
splenectomy group indicating that cobalt exerted an effect on the iron turn- 
over in addition to that caused by operative hemorrhage, and that spleneetomy 
probably does not influence the mechanism of the action of cobalt. 
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The administration of cysteine and histidine has been said to inhibit the 
production of polyeythemia induced by cobalt in animals.’* Solutions were 
prepared containing L-histidine or L-cysteine in concentrations that would 
permit the administration of 2 mols of the amino acid to 1 mol of the cobalt. 
These preparations were injected in the same syringe with the cobalt on each 
of the 3 days and were mixed in the syringe just prior to injection. The re- 
sults are shown in Fig. 6, and suggest that there may be less effect on the iron 
turnover than in those animals which received cobalt alone. However, these 
values are not well separated and probably are not significantly different. All 
3 groups of rats appeared to have a generally greater uptake than the normal 
groups. 

DISCUSSION 

The iron turnover in the rat can be measured in a 1- to 2-day period and 
appears to refleet changes in erythropoiesis following administration of a test 
material. The iron R.B.C. incorporation.in rats is increased by giving cobalt 
3 or 25 days. The effect of cobalt on hypophysectomized animals was found 
to be similar to that reported by Crafts."* It appears that to obtain significant 
results, groups of 4 or more medium-sized rats must be used, and that the 
weights must be uniform between the groups. Minimizing of blood loss is 
highly important, as the small amount of hemorrhage associated with splenec- 
tomy considerably increased the iron utilization. It is essential that the ferrous 
Fe citrate be injected intravenously, as it must enter the plasma pool of iron. 
Our experience confirms the observations of others that there is a more con- 
stant iron turnover in the hypophysectomized than in the normal animal, and 
that there is a proportionately greater response to stimulation of erythro- 
poiesis.* ® It is important to use iron of high specific activity so that the dose 
of iron may be small enough not to exceed the binding capacity of the rat 
plasma, A simplified formula is presented which may be applied to each ani- 
mal in the group, with calculation of the mean percentage of uptake for the 
group. By this means, some errors in small differences in weight and hemo- 
globin may be avoided. When the hemoglobin values were out of line with 
those of the group as a whole, the data were discarded. Since full-grown fe- 
male rats had 90 to 100 per cent iron uptakes in 3 days, rats were not used if 
their weights were above 200 grams. 


SUMMARY 


1. The ferrokineties of the rat provide a reliable laboratory method of 
studying the effects on the rate of erythropoiesis and bone marrow function. 

2. Cobalt administration increases radioiron utilization in normal and 
hypophysectomized rats. The action of cobalt does not appear to be altered 
by splenectomy or significantly modified by administration of cysteine or 
histidine. 

3. The standard deviation of the mean results is less in the hypophys- 
ectomized group than in the normal group, and the proportional response to 
erythropoietic stimulation as measured by iron tracer utilization is greater in 
the hypophysectomized group than in the normal group. 
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ASSAY OF ERYTHROPOIETIC FACTOR(S) USING RADIOIRON 
UPTAKE IN THE NITROGEN MUSTARD TREATED RAT 


Donavp R. Korst, M.D., RonaLp C. Brsnor, M.D., anp Frank H. Berues, M.D. 
ANN Arbor, MICH. 


METHOD of measuring erythrocyte incorporation of radioiron (ferrous 
Fe*® citrate) in rats over a 3-day period has been deseribed.':? The 
present study was designed to observe the effects of nitrogen mustard, injected 
intravenously, on the iron uptake by rat erythrocytes, as well as the influence 
on iron uptake of rats so conditioned, rats exerted by the administration of 
cobalt chloride, plasma and plasma extracts from phenylhydrazine anemic rabbits 
or bled rabbits, or plasma from patients with polyeythemia or other blood 
dyserasias. 
MATERIALS AND METHODS 
The general method of Fe5® detection and determination of percentage of labeled iron 
utilization in the rat circulating hemoglobin is essentially the same as that previously 
reported.1,2_ There have been some changes in the time schedule to allow a convenient 


79 


work schedule during the 72-hour period of the test. This scheduling is shown in Fig. 1, 
with the time of the test lasting from the initial injection of nitrogen mustard" to the 
last blood sample taken at the seventy-second hour, that is, 42 hours after the injection of 
the radioactive iron tracer. This time schedule allows an ample period for the nitrogen 
mustard to take full effect on erythropoiesis and yet does not permit recovery of marrow 


from drug suppression when the iron turnover becomes accelerated. Three blood specimens 


are taken at 18, 24, and 42 hours to obtain an uptake curve. Groups of white Sprague-Dawley 
rats in the weight range of 140 to 180 grams are used in groups of 4. The data are 
expressed as the mean of each group of 4, plus or minus one standard deviation represented by 
vertical lines. Saline or Ringer’s solution is given to 4 animals with each experiment as the 
control group. Results are either graphed as the per cent uptake of the injected Fe5® in the 
blood or are expressed as a per cent increase over the control group. The injections of the test 
plasma are given either intraperitoneally or subcutaneously. The subcutaneous route has 
proved to be easier and more practical. Varying the periods of time between the nitrogen 
mustard and Fe5® injections was tried and different doses of nitrogen were also given to 
determine the optimum combination. The effects of x-radiation were also studied to determine 
the similarity between the iron turnovers with this procedure and with nitrogen mustard. 
A plastic cage, 30 em. in diameter, was divided into wedge-shaped sections so that 8 rats 
plus one Victoreen radiation chamber could be exposed at the same time. X-radiation 
was given from a 250 K.V. unit at 80 em. with a half-value layer of 2.4 mm. copper. 
The radiation used was 150 r delivered in 13.5 minutes. 

From the Radioisotope Service. Veterans Administration Hospital, Thomas Henry Simpson 
Memorial Institute for Medical Research. and the Department of Internal Medicine, University 
of Michigan Medical School, Ann Arbor, Mich. 


Supported in part by the Lloyd Research Fund, University of Michigan, Ann Arbor, 
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Received for publication Feb. 10, 1958. 
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One milliliter of a 244 per cent solution of phenylhydrazine hydrochloride was given 
to the rabbits, which weighed 6 to 10 pounds each. The material is injected subcutaneously 
each day for 3 or 4 days, and on the fourth cr fifth day a double dose is injected. Twenty- 
four hours following the last injection of phenylhydrazine, hemoglobin and_ reticulocyte 
values are obtained. Rabbits are sacrificed if the hemoglobin is below 5 Gm.; if between 
5 and 8 Gm., a single dose of phenylhydrazine is given, and the animals are sacrificed on 
the following day; if above 8 Gm., 2 additional doses are given, and the rabbits are killed 
on the day after the last injection. Rabbits are exsanguinated, and the citrated plasma 
is pooled. More recently, the syringes have been wetted with heparin solution before 
removal of the blood. Plasma obtained in this way and kept frozen in the whole state 
when not in use is designated as P.A.P. Boiled P.A.P. is similarly obtained whole plasma 
acidified to pH 5.5 and boiled for varying amounts of time in a water bath immediately 
after withdrawal (Table II). The preparation of boiled P.A.P. used in most of these 
studies was one that had been boiled for 10 minutes. After boiling, the protein sediment 


was washed with saline, and the washings were added to the supernate to bring the extract 
back to original plasma volume. Cresyl blue blood films on the rabbits at the end of 
phenylhydrazine injections usually showed 30 to 80 per cent reticulocytes with many 


disintegrating cells and much cellular debris, which gave the blood films a smudged 
appearance. 


Fe29 INJECTED INTO TAIL VEIN 
(2uc=lug in 0.5m1) 


PLASMA BLOOD SPECIMEN FROM TAIL VEIN 
( 2% BODY WT 1.P.) (.02m] FOR HBN AND ACTIVITY) 


A THREE DAY ASSAY METHOD 


Fig. 1.—Red blood cell incorporation of radioactive iron (Fe™®) in the rat as a measure 
of stimulation by plasma erythropoietic factor, after marrow depression by nitrogen mustard 
(HN: 0.4 to 0.6 meg. per kilogram of body weight, intravenously ). 


Bled rabbit plasma may be prepared by a single withdrawal of blood via cardiac 
puncture at which time two-thirds of the blood volume, estimated as 5 per cent of body 
weight, is removed. This usually results in a hemoglobin of approximately 7 Gm. the 
day after bloodletting when the animals are sacrificed. This procedure may cause sudden 
death of the rabbits immediately after bloodletting, particularly in older rabbits. 


Reticulocyte counts are performed on the recipient rats at the end of the study or 
i- 


hours after nitrogen mustard administration. These are expressed as the percentage 
of reticulocytes per hundred red cells based on counts of 1,000 red blood cells. 


RESULTS 


1. The effects of x-radiation 48 hours prior to the injection of radioiron on 
the rate of erythropoiesis in the rat are shown in Fig. 2. These results are 
similar to those of Stohlman and associates.**»* The widest difference in the 
Fe*’ uptake appeared at 24 hours after the tracer was given intravenously. 
Whole rabbit phenylhydrazine anemie plasma injected as 2 per cent of body 
weight intraperitoneally on the same time schedule as shown in Fig. 1, produced 
an accelerated turnover of iron that almost approached the group of rats who 
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did not receive x-ray. Rats which were given 200 r in air by a similar method 
had a greater depression of erythropoiesis but of such a degree that the same 
phenylhydrazine anemic plasma did not produce any stimulation or acceleration 
of iron turnover over that of the control normal rabbit plasma animals. It 
remained to be learned if the same differences could be obtained by using 
nitrogen mustard instead of x-radiation. 


=e o oe WHOLE N.R.P. & NO X-RAY 


WHOLE N.R.P. 


PERCENT OF INJECTED IN BLOOD 


AAVAH 2/4/57 


42 


HOURS AFTER Fe? INJECTION 
ig. 2.—Effect of x-irradiation given 48 hours prior to Fe” (total body dose: 150 r 
delivered in 13.5 minutes). Radioiron turnover is depressed by total body x-irradiation (— 


as compared to normal animals receiving control normal rabbit plasma (------ ). Plasma from 
phenylhydrazine anemic rabbits stimulates iron turnover in the irradiated rat (—--—--——). 


2. The rat (150 to 200 grams, female) erythrocyte utilization of Fe®® fol- 
lowing 0.4 to 0.6 mg./Kg. of HN, is about 5 + 2 per cent at 18 hours, 6 + 3 per 
cent at 24 hours, and 9 + 4 per cent at 42 hours. The normal 150 to 200 gram 
rat not given HN, has an uptake of 36 + 10 per cent at 24 hours and 51 + 9 per 
cent at 48 hours. 

The effects of varying doses of nitrogen mustard on the iron turnover in 
the rat, and the effeets of varying the time interval between the HN, injection 
and the iron tracer are shown in Table I. The largest dose tested was 0.6 mg. 
per kilogram of body weight given as a single intravenous dose to the rat. 
When no time interval was allowed between the HN, and the Fe*® injection, 
this dose depressed iron turnover but not to the same degree that occurred with 
an interval of 24 hours between the injections of HN, and Fe®*®, The objection 
to this dose was, with an interval of 24 hours, the depression was so great that 
very little difference could be detected after stimulation by anemic plasma. 
HN, in a dose of 0.2 mg. per kilogram of body weight did not appear to depress 
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the iron uptake satisfactorily; therefore, a dose of 0.4 to 0.5 mg. per kilogram 
of body weight was adopted. Although an interval of 24 hours between drug 
and tracer injection appeared to be satisfactory, a 30-hour period fitted better 
into a time schedule for the entire 3-day period, and there did not appear to 
be any significant difference from the 24-hour interval. However, an interval 
of 48 hours between injections permitted a spontaneous regeneration of the 
bone marrow to begin before the conelusion of the uptake period. With this 


interval between injections only the 18-hour blood sample showed definite de- 
pression of iron utilization. 


TaBLe I. Errects or Varying Doses or HN, on THE Per Cent R.B.C. Uptake or IN 
THE Rat AND THE DirFERENCES IN TIME INTERVAL BETWEEN HN, AND FE5° INJECTION 


DOSE HN, TIME PER CENT UPTAKE (MEAN OF 4 RATS + 1 58.D.) 
MG./K INTERVAL 18 HOURS 24 HOURS 42 HOURS 48 HOURS 
0.6 0 13 + 16 + ; 18 + 4 


0.2 24 Hours 26 + 11 
24 Hours : l 21 +1 
24 Hours 
24 Hours 


30 Hours 
30 Hours 
30 Hours 
30 Hours 


48 Hours 
48 Hours 


3. The effect of whole P.A.P. on iron incorporation in hemoglobin as con- 
trasted with normal rabbit plasma (N.R.P.) is shown in Fig. 3, using the HN, 
method in the rat. It also may be noted that there was an accompanying sig- 
nificant difference in reticulocyte counts in these two groups of rats. The 
maximum percentage differences occurred at 18 and 24 hours after administra- 
tion of the iron tracer, and the differences at 42 hours were less. It was our 
intention in this study to take 3 points of testing unknown materials in order 
to obtain a satisfactory curve. However, for practical purposes, it is probable 
that a single 18- or 24-hour specimen or both would be satisfactory. The response 
of the stimulated group to the control group in this study would be in the 
neighborhood of a threefold increase in rate of Fe®® utilization. When whole 
serum or plasma from anemie rabbits following acute blood loss 24 hours prior 
to harvesting the specimens was tested in this same system, it was noted that 
the effect was not as great as with the phenylhydrazine anemic plasma but was 
180 per cent more than the control groups (Fig. 4). To eliminate the possi- 
bility that the phenylhydrazine left in the P.A.P. might in some way affect the 
iron turnover, 4 rats were given phenylhydrazine in the amount of 2 per cent 
of the daily rabbit dose which is the computed maximum amount that could 
remain in 2 ml. of rabbit plasma. This was given on the same schedule as test 
plasma for 3 injections prior to the Fe*® injection and did not affect the iron 
turnover as compared to that of control groups or normal rabbit plasma control 


0.2 9+1 +2 32+ 5 
0.3 §+2 6+2 10 + 3 
0.4 5+2 6+1 
0.5 6+2 7+2 2+2 
0.3 22 +4 73 +4 
0.4 5+2 7+2 25+ 3 
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HOURS AFTER Fe?? INJECTION 


~ Fig. 3.—Three day erythropoietic factor assay using rats treated with nitrogen mustard. 
The stimulating effect of phenylhydrazine anemic plasma from rabbits (P.A.P.) is shown by a 
threefold or 300 per cent increase in Fe® incorporation in hemoglobin of rats as well as a 


difference in reticulocytes. 
SO SERUM BLED ANEMIC RABBITS 


PHE NYLHYRAZ INE 
2% DAILY RABBIT DOSE 


PERCENT OF INJECTED Fe?” IN BLOOD 


AAVAH 2/25/57 
4 
T 


18 24 42 


HOURS AFTER Fe?? INJECTION 


Fig. 4.—Three day erythropoietic factor assay using rats treated with nitrogen mustard. 
Serum from bled rabbits caused a 180 per cent increase in iron incorporation in rats ( ). 
Phenylhydrazine given directly to rats in a dose that might be present in plasma of pheny!- 
hydrazine anemic rabbits (P.A.P.) did not cause increased iron turnover (————). The Fe 


uptake curve of the phenylhydrazine-injected rats was identical to a group of 4 rats given 
normal rabbit plasma. 
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groups (Fig. 4). The accelerating effect of P.A.P. on the iron turnover is 
shown in Fig. 5 to be comparable, whether the 0.4 mg./Kg. HN, is given 30 
hours prior to the tracer or a larger dose (0.6 mg./Kg.) of HN, is given at 
the time of the tracer injection. This would indicate that the erythropoietic 
activity of the P.A.P. appears to be effective to a similar degree during the 
time when the HN, is acting to depress erythropoiesis or 30 hours after HN, 
injection when it is believed that maximum depression of erythropoiesis has 
occurred, On the other hand, as shown in Table I, when the larger dose (0.6 
mg./Kg.) of nitrogen mustard was given to rats which were not receiving 
erythropoiesis stimulating material, the mean uptake of radioiron at 42 hours 
was only 18 per cent of the administered iron in contrast to an uptake of greater 
than 35 per cent by untreated rats at this time interval. 
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WHOLE P.A.P. + 0.6mg/K HN2 1.V- 
— AT TIME OF Fe59 INJECTION 


18 24 42 
HOURS AFTER INJECTION 


Fig. 5.—Three day erythropoietic factor assay using rats treated with nitrogen mustard. 
Rabbit phenylhydrazine anemic plasma (P.A.P.) increases iron incorporation in nitrogen 
mustard treated rata whether the tracer is given 30 hours after HN» 0.4 me. per kilogram 

), or given simultaneously with a larger dose of HN: (0.6 mg. per kilogram). 


4. In studying the erythropoietic stimulatory properties of phenylhydrazine 
anemic plasmas from rabbits, a number of additional observations were made. 
A sample of whole rabbit phenylhydrazine anemic plasma kept frozen for 9 
months was found to be inactive on two separate testings by this method. A 
second preparation whose activity was demonstrated in Fig. 3 was kept in the 
whole frozen state for 514 months in 30 ml. bottles, so that repeated thawing 
for testing was not a factor. This batch, tested 5 weeks after it was prepared, 
appeared to have retained all its potency, but when tested at the end of 514 
months was found to be only weakly active. It would appear from these 
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Experiment 2/11/57 
Whole P.A.P. 
P.A.P. boiled 25 min. 
Control N.R.P.* 


Experiment 3/25/57 
Whole P.A.P. 
P.A.P. boiled 10 min. 
Ether extract of P.A.P. 
Bled rabbit plasma 
Control N.R.P.* 


Experiment 4/1/57 
Whole P.A.P. 
P.A.P. boiled 5 min. 

P.A.P. boiled 25 min. 
Chloroform extract of P.A.P. 
Chloroform residue of P.A.P. 
Control Ringer’s solution 


Experiment 4/22/57 
P.A.P. cone. 5 x and lyophil 


N.R.P. cone. 5 x and lyophili 
Ringer’s solution 


*Normal rabbit plasma. 


TEST MATERIAL 


KORST, BISHOP, AND BETHELL 


= = = WHOLE HUMAN PLASMA 
(E.B. POLYCYTHEMIA VERA) 
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Bled rabbit plasma cone. 5 x and lyophilized 
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TREATED RATS 


“18 Hours | 24 HOURS 
30+4 37+4 
7+2 g+2 
6+2 


10+2 
7+3 10+3 
5+1 5+1 
7+2 ste 
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16+2 19+4 
1322 
9+1 12+1 
72 12+5 
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Fig. 6.—Three day erythropoietic factor assay using rats treated with nitrogen mustard. 
Plasma from a patient with polycythemia vera caused a 50 to 100 per cent increase in iron 
incorporation (--—-—— ) over that of normal plasma ( 
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observations that the erythropoietic activity of whole plasma responsible for 
augmentation of iron turnover had decreased on storage. The preparations 
whose activities are demonstrated in Figs. 3 and 4 as P.A.P. and bled anemic 
‘abbit plasma were boiled for 5 minutes in a water bath at pH 5.5, filtered, and 
the filtrates lyophilized and then tested after reconstituting to original plasma 
volume in saline (Table Il). The inereases in the Fe** uptake and the reticulo- 
eyte responses were of comparable magnitude to those obtained with whole 
plasma as shown in Figs. 3 and 4. 

5. A second observation is demonstrated in Table II, in which it is noted 
that the longer boiling resulted in decrease of erythropoietic activity. In one 
experiment, P.A.P. boiled 25 minutes was little different from the control normal 
‘abbit plasma. It would appear, under the conditions of these experiments, 
that the activity responsible for enhanced Fe** uptake could be destroyed by 
boiling; therefore, our preparations are not heated for longer than 5 to 10 
minutes in a boiling water bath. The material should then be placed immediately 
in a cold bath to prevent further heat action. 

When a solution of CoCl, was given in a strength of 0.193 mg./Kg. or 
0.386 mg./Kg. as elemental cobalt on the same test schedule as shown for plasma, 
there was approximately 18 per cent more red cell uptake of Fe** at 24 hours 
and at 42 hours over the control. This is not the magnitude of response seen 
with bled rabbit plasma which showed a twofold inerease, and the P.A.P. which 
showed a 3.5 fold inerease. 


The active P.A.P. was boiled for 5 minutes and filtered (activity is 
shown in Table II). A portion of the filtrate was mixed (separatory funnel) 
with chloroform in a ratio of two parts of plasma filtrate to one part of chloro- 
form. Extraction by this procedure was carried out twice, and the chloroform 
was evaporated by a current of air. The dried residue was incompletely soluble 
in water so that a partial suspension was obtained. This material, as well as the 
aqueous fraction after chloroform extraction, was reconstituted to original volume 
of plasma and was tested. The results showed that the activities of both the chlo- 
roform extract and the remaining aqueous portion of the active P.A.P. extract 
were decreased to the same degree as that of P.A.P. boiled for 25 minutes, as 
shown in Table II. This would indicate that the factor responsible for augmen- 
tation of iron uptake may be soluble in chloroform, but it may be denatured to 
some extent by this proceedure. An ether extract prepared in the same manner 
was found to be inactive by this teehnique (' Table Il). However, the residue 
was not tested in this instance. 

A group of patients who had pe el either secondary or primary, 
were studied. Patient E. B. with polyeythemia vera was phlebotomized, and 
the whole citrated plasma was kept in a frozen state. This plasma, when tested 
in the nitrogen mustard treated rat system, caused an increased iron uptake 
over that of normal human plasma, as shown in Fig. 6; the degree of difference 
was quite similar to that of the bled rabbit plasma tested in Fig. 4. A second 
patient with polyeythemia vera showed approximately the same activity as 
E. B. Three patients with secondary polycythemia, on testing of their whole 
plasmas, did not show any activity over that of normal human plasma. 
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9. Three patients with untreated pernicious anemia in relapse and one 
patient with acquired hemolytic anemia were tested using their whole citrated 
plasmas, and questionable degrees of increased activity were demonstrated in 
this system by inereases of between 10 and 50 per cent at either 24- or 48-hour 
uptake times. There is some doubt as to the significance of these values, as the 
increases with bled rabbit plasma extract and with P.A.P. are in the range of 
150 to 350 per cent. However, there is a suggestion of increased uptake with 
these patients’ plasmas. Two patients with pernicious anemia in relapse were 
tested before and after therapeutic response to vitamin B,». In the first pa- 
tient with pernicious anemia, before treatment, whole plasma caused the same 
inerease as the plasma of patient E. B.; that is, about 50 to 100 per cent 
inerease over the control. Twenty days later, after response to vitamin Bj», 
this patient’s whole plasma did not produce any inerease in iron turnover in 
the HN,-treated rat. Whole plasma from a second patient with pernicious 
anemia both before and after treatment (a span of 27 days) revealed about 
36 per cent inerease above control values obtained with whole plasma from 
normal subjects. Whole plasmas obtained from a patient with hemochromatosis 
and from one with aplastic anemia showed no activity above the controls. 


DISCUSSION 


The technique of using a nitrogen mustard conditioned rat for radioiron 
turnover studies has been previously reported by us." * This type of assay has 
certain advantages in that normal animals are used, but it has the disadvantages 
of introducing variables which might modify the results. From this study, it 
would appear that strongly erythropoieticly active substances such as P.A.P. 
or bled rabbit plasma can be adequately tested by this method; but it is possible 
that some patient plasmas may have activity too low to be detected by this 
procedure. The percentage differences in the iron uptake over that of the 
controls is probably not of the same magnitude as that observed in hypophysee- 
tomized animals."** However, the HN,-treated rat does offer another test system 
for erythropoietic factors and appears to be fairly uniform. The iron turn- 
over rate in the rat would, moreover, probably afford an adequate parameter 
for measuring the erythropoietic depressing properties of various nitrogen 
mustard compounds. Three experiments, in whieh the same normal rabbit 
plasma and P.A.P. were used in separate groups of rats, demonstrated re- 
producibility of results with less than 2 per cent variation in the red cell iron 
uptake with either normal rabbit plasma or P.A.P. at 18 and 24 hours, and less 
than 6 per cent variation at 42 hours after injection of the tracer. 

In general, the P.A.P. was the most potent accelerator of the iron turn- 
over, and bled rabbit plasma or plasma extract was less potent but significantly 
more active than the control materials. Administration of cobalt chloride ac- 
celerated iron turnover but not to the same degree as the bled rabbit plasma 
or the P.A.P. A group of animals who received CoC], in doses of 5 mg. per 
kilogram as elemental cobalt daily for 7 days prior to the injection of the tracer 
revealed an iron uptake between that of the saline control and the bled rabbit 
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plasma. In x-irradiated or nitrogen mustard conditioned rats, the P.A.P. 
inereased the iron turnover almost to the level of the iron turnover in the 
normal rat. 

Human boiled plasma extracts from patients with polyeythemia have been 
shown to be capable of stimulating erythropoiesis in the normal rat® and in the 
hypophysectomized rat.'’° In the HN, test rats, several of the plasmas from 
patients with polyeythemia vera did show activity, and in one patient the 
effects were almost as great as those obtained with bled rabbit plasma. But, 
generally speaking, the system may not have been sensitive enough to consist- 
ently detect enhanced activities of other plasmas tested. Another possibility 
is that the amounts of whole plasma used in these experiments, given as 3 
injections (each 2 per cent of body weight), may not have been sufficient to 
elicit the reticulocyte changes or the increase in erythrocytie values or the total 
red cell mass that might be observed after 1 or 2 weeks of daily injeetions. It 
also seems probable that there may exist in plasma more than one erythropoietic 
factor. It has been demonstrated by means of this test system that the factor 
responsible for enhanced Fe** uptake is not extractable by ether, is inactivated by 
storage for a long period, and is destroyed by prolonged heating. In a recent 
report by Stohlman and Brecher," it was shown that the erythropoietic activity 
of their material was relatively thermolabile. 

The factor capable of modifying iron turnover is thermolabile and present 
only in relatively fresh plasma. Another factor may be heat stable, ether 
soluble, and present in boiled plasma extracts. It increases the rate of normo- 
blast division. The first factor is probably a protein, and the latter may be a 
lipid.** 

SUMMARY 

1. A new method is deseribed to measure erythropoietic active materials 
utilizing the radioiron turnover in the rat treated with nitrogen mustard. 

2. These studies would indicate that the erythropoietic faetor which en- 
hances Fe** utilization ean be destroyed on prolonged boiling, is ether insoluble, 
and may deteriorate on prolonged storage as frozen whole plasma. 


3. Erythropoietie active plasmas or plasma extracts obtained from phenyl- 
hydrazine-treated rabbits are consistently more active than bled rabbit plasma 
extracts. 


4. Several patients with polyeythemia vera had plasmas that were active 
in this system. 
Technical assistance was provided by Mrs. Elizabeth Ong and Mr. Peter Thoms. 
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STUDIES ON ERYTHROPOIESIS 
VILL. Tue Errect or NEPHRECTOMY ON RESPONSE TO Hypoxic ANOXIA 


EuGENE GoLpwasser, Pa.D., WALTER Frtep, M.D.,* anp Leon O. Jacosson, M.D. 
Cuicaao, 


HE existence of one or more humoral factors involved in the regulation of 

erythropoiesis has become accepted quite widely, and that factor which is 
formed in the animal in response to an anemic stress has been termed hemo- 
poietin' or erythropoietin.2 The site of production of erythropoietin is still 
not established unequivoeally. Gordon and his co-workers’ have demonstrated 
that extracts of a variety of organs from anemic animals are devoid of erythro- 
poietic activity. Previously, it had been shown that hematopoietic tissues (radio- 
and nitrogen mustard-sensitive) were not involved in elaboration of erythro- 
poietin.“* Hypophysectomized animals have also been shown to respond to 
hemorrhage’ ruling out the pituitary as a source of the plasma factor. We 
have shown that removal of the kidneys of experimental animals was followed 
by loss of the capacity to respond to hemorrhage or to ecobaltous ion, by an 
inerease in circulating erythropoietin while removal of other organs had no such 
effect." Exactly proper controls for experiments such as these are admittedly 
quite difficult to obtain, but in controls which were made comparably uremic by 
tying off both ureters, there was impairment of response only after a relatively 
long time, while at short times there was no inhibition of production of erythro- 
poietin. Because of these findings we suggested that the kidney is involved in 
production of erythropoietin. 

Recently, a paper™ appeared in which nephreetomized animals were re- 
ported to respond to hypoxie anoxia about as well as intact animals, and the 
suggestion was made that there might be different sources of different erythro- 
poietins, depending on the nature of the stimulus. In this paper we will 
demonstrate that the situation regarding the role of the kidney is the same 
whether the stress is hemorrhage or cobalt, as previously reported, or hypoxia 
at reduced pressure, or hypoxia at atmospherie pressure. 


METHODS 


Male, Sprague-Dawley rats (300 to 350 grams) were used as donors of plasma. 
Bilateral nephrectomy and bilateral ureter ligation were performed via a single abdominal 
incision. The ureters were ligated within 1 em. of the renal pelvis and cut distally. At 
various intervals following operation, the rats were placed into a hypoxie atmosphere for vary- 
ing lengths of time, Hypoxic anoxia was induced by exposing the rats to either a simulated 


altitude of 21,500 feet in a low-pressure chamber, or to an environment containing 9 per 
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cent oxygen at atmospheric pressure at a flow rate of 510 L. per hour.* The rats were 
bled by cardiac puncture immediately after they were removed from the chamber. The 
heparinized plasma was collected, pooled, and bio-assayed by methods reported previously’, 14 
to determine erythropoietin titers. In experiments in which hypophyseectomized rats were 
used, they were purchased from the Hormone Assay Laboratories, Chicago. The results 
are expressed as per cent of total radioiron injected, incorporated into red cells at 20 hours. 
Each figure usually represents the average of values for 5 rats. 


TaBLe I. Errecr or NepHRECTOMY AND Urerer LIGATION ON RESPONSE OF RATS TO 
Hypoxia 


HOURS AT 

21,500 rr. PER CENT FE5® INCORPORATION 

SIMULATED } NEPHREC- i NORMAL 
EXPERIMENT ALTITUDE UNOPERATED URETER-LIGATED TOMIZED PLASMA 


13.2 (3.1) 0 (1.4) 6.9* 9 (2.4) 
(0.6) 1 (0.7) 5 (0.5) (0.7) 
(1.8) 5.5 (3.1) (1.1) (1.7) 
(1.9) 8 (1.9) 3 (1.0) (2.0) 
(1.6) -l (1.5) (1.3) (0.2) 

(1.3) (0.5) (0.2) 
(2.5) (2.0) (1.6) 
(2.7) .7 (1.6) (0.6) 
(2.2) 6 (0.9) 


Assays 
were performed in starved rats, and a total of 5 per assay group was used. Figures in 
parentheses are standard error of the mean. 


*Three rats per group. 
tAssay rats in experiment 3 had fasted one day less than usual procedure, 


RESULTS AND DISCUSSION 

Because of the discrepaney between our first findings with hypoxia and 
those in the literature,'* we repeated the same experiment, with only minor 
modifications, 8 times. The results of these experiments are summarized in 
Table I. In each, the nephrectomized rats subjected to a simulated altitude of 
21,500 feet did not produce a significant plasma erythropoietin titer. The 
plasma erythropoietin titer from these animals was as low as that from control 
rats not placed in the chamber. This was true whether the time of exposure to 
the high altitude was 8, 10, 16, or 24 hours. In every experiment except No. 2, 
the rats whose ureters were ligated before stimulation produced amounts of 
erythropoietin similar to those produced by unoperated rats in response to the 
high altitude anoxia. The degree of uremia in the ureter-ligated rats, as deter- 
mined by blood urea nitrogen at each interval, was comparable to that in the 


nephrectomized rats. If the iron incorporation data are ealeulated as per cent 
of that given by plasma from unoperated stimulated animals and the whole 
series of experiments are averaged, the results may be expressed as follows: 
unoperated, 100; normal plasma, 38; ureter-ligated, 81; and nephreetomized, 41. 

These results demonstrate quite clearly that the nephrectomized rat loses 
its capacity to increase erythropoietin in response to hypoxie anoxia as well as 
to hemorrhage or cobalt. 


*We are greatly indebted to Dr. John Doull for his help with, and the use of, the low- 
pressure chamber and to Dr. Eric Simmons for help in construction of the low-oxygen chamber. 
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In order to study further the effect of uremia on the eapacity of rats to 
produce erythropoietin in response to a low O, atmosphere, we performed bi- 
lateral nephreetomy and ureter ligation in groups of rats immediately prior to, 
4 hours before, and 16 hours before placing them in the high-altitude chamber. 
In all eases, nephrectomy again abolished response to the stimulus. In the 
animals with ureters tied off immediately before and 4 hours before stimulating 
for 16 hours, the response was of about the same magnitude as that shown by 
unoperated animals. If, however, the ureters were tied off 16 hours before 
stimulus, the response was diminished but still appreciable (Table IT). It 
seems to us that this reduction in responsiveness of the animals with ligated 
ureters is quite likely due to mechanical injury to the kidney by the pressures 
built up there. At autopsy the kidneys from rats in which the ureters had been 
tied off appear about twice the normal size. Their uneut surfaces are pale, and, 
on cutting perpendicular to the anteroposterior axis, the eut surfaces are 
blanched, especially in the cortical region. 


TABLE Il. Errect or ON Response To HigH-ALTITUDE Hypoxia 


HOURS | 
BETWEEN 
OPERATION | PER CENT FE59 INCORPORATION 
AND START | | URETER- NEPHREC- NORMAL 
OF STIMULUS | UNOPERATED | B.U.N. LIGATED B.U.N. TOMIZED B.U.N. PLASMA | B.U.N. 
0 11.6 (1.9) 24 98 (1.9) 57  4.3° 59 (11) 24 
4 ow mee 14.0 (0.9) 98 4.0 (1.3) 99 one 
16 _— = 7.2 (1.9) 130 5.0 (1.0) 134 
Unoperated, ureter-ligated and nephrectomized rats at a simulated altitude of 21,500 feet 
for 16 hours. Plasma obtained immediately after removal from chamber. Normal plasma from 
unstimulated rats. Assays performed in starved rats; 5 rats per assay group. Figures in 


parentheses are standard error of the mean. Blood urea nitrogen (B.U.N.) in milligrams per 
cent, 


*Three rats in group. 


Tasie IIT, Comparison or Low-Pressure Hypoxia Wirh ATMOSPHERIC PRESSURE HyPoxiIA 
AND or Strarvep Rat Assay With Hypopuysectromizep Rat ASSAY 
TYPE OF net PER CENT FE59 INCORPORATION 
HYPOXIC | URETER- NEPHREC- NORMAL 
STIMULUS ASSAY RAT UNOPERATED LIGATED TOMIZED PLASMA 
Low pressure Starved d 11.0 (1.9) 3.6 (0.4) 3.8 (0.4) 
Hypophysecto- 
mized A “ 10.0 (0.8) 5 (0.2) 2.0 (0.5) 
Atmospheric Starved 4 (1. 13.9 (2.0) 5 (0.8) 4.4 (0.5) 
pressure Hypophysecto- 
mized 22.9 (8.0) 13.4 (9.8) 3.5 (1.1) 4.1 (0.9) 
Low-pressure series kept at a simulated altitude of 21,500 feet (10 per cent oxygen) for 
16 hours; atmospheric pressure series kept in 9 per cent oxygen for 16 hours. Plasma 
obtained from rats immediately after removal from chamber. Normal plasma from unstimulated 
rats. Five rats per assay group. Figures in parentheses are standard error of the mean. 
*Three rats in group. 


There still remained two possible explanations for the diserepaney between 
our results and those published previously."*. The earlier work on hypoxie 
anoxia, reported by Prentice and Mirand,'* was done at atmospherie pressure in 
a chamber containing a low, partial pressure of oxygen; also, the plasma was 
assayed in hypophysectomized rats rather than in starved rats as we had used. 
When we repeated our experiments using both of these conditions, we again 
found that nephrectomy completely abolished the response to low-oxygen tension 
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(Table IIL). We found no difference qualitatively between the response of 
hypophysectomized and starved rats used as assay animals and no difference 
between low-pressure hypoxia and atmospheric pressure hypoxia. 

These findings have been corroborated using the polyeythemie mouse for 
assay'* and will be the subject of a forthcoming communication. 

As of this writing, we do not know why the results obtained in the two 
different laboratories are so divergent, but we feel, in the light of the experiments 
reported here, that Prentice and Mirand’s suggestion of different erythropoietins 
being formed in response to different anoxie stimuli is untenable. 

These experiments do not, of course, establish beyond doubt that the kidney 
produces erythropoietin. The possibility remains that the consequences of 
nephrectomy in some way interfere with elaboration of the hormone by another 
site or that plasma from nephrectomized animals contains substances which may 
interfere with the primary erythropoietic process. Experiments testing these 
possibilities are now under way. 


SUMMARY 


Rats subjected to hypoxie anoxia, whether at low pressure or atmospheric 
pressure, respond to this condition with an inerease in plasma erythropoietin. 
Ligation of ureters for relatively short times does not interfere with this response. 
Nephrectomy completely abolishes this response. 
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FAILURE OF ACUTE LOWERING OF SERUM OSMOLALITY TO 
INDUCE DIURESIS IN MILDLY DEHYDRATED NORMAL MEN 


Water Jr., M.D.,* T. FRANKLIN M.D.,* 
Maurice B. Strauss, M.D. 
Boston, Mass. 


HE ingestion of a liter of water by normal man leads to a decrease in serum 

osmolality of about 2 per cent and is shortly followed by diuresis. Several 
groups of workers'* have shown that this sequence of events occurs even if the 
initial serum osmolality has been raised by 3 to 4 per cent by means of the 
prior administration of strong salt solution. Under these conditions the inges- 
tion of a liter of water, lowering the serum osmolality by only 2 per cent, does 
not return this value to its initial level. Nevertheless, diuresis ensues. This 
has led to the concept that it is not the absolute serum osmolality, but its acute 
lowering which conditions diuresis.2. Were this the case, then diuresis should 
ensue following the ingestion of water by mildly dehydrated man, provided 
serum osmolality was appropriately lowered. The following experiments indi- 
cate that this does not occur and that man, in this respect, resembles the 


dehydrated camel, which may drink a volume of water equivalent to 32 per 
cent of its body weight without developing a diuresis, ° as well as other ani- 
mals which exhibit similar, if less extreme, behavior.® 


METHODS 


The subjects were healthy young male physicians. Of a total of 7 studies, 4 were per- 
formed on the fifth and seventh days of a late summer heat wave and 3 in early spring. The 
plan of the summer experiments was as follows: Each subject ate his usual breakfast and 
about one hour thereafter reclined in an air-conditioned room at approximately 70° F. during 
a 2-hour control period. Following this, each subject exercised by playing tennis in the hot 
sun for 14 to 2 hours in order to produce a mild state of acute dehydration. After this he 
again rested in the air-conditioned room for two hours. At the end of the second rest period, 
each subject ingested approximately 17 ml. of water per kilogram of body weight during a 
15- to 30-minute period. Voided specimens of urine were collected every hour or half hour 
for 144 to 4 hours after the water load had been taken, the subject standing to void. Venous 
blood was withdrawn with minimal stasis in the middle of the initial resting period, at the 
end of the second rest period just before the water load, and again 35 to 50 minutes after the 
water load had been completely imbibed. Body weight was determined at appropriate times 
as a measure of acute changes in body fluid. Five grams of dry sucrose were eaten every 
20 minutes throughout the study but no fluid was ingested prior to the administration of the 
water load. Smoking was not permitted, 
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The spring studies were similar to the 4 carried out during the summer except that the 
exercise was milder, was taken indoors in a room at 110° to 118° F., and was continued for 
2% to 3 hours. The amount of weight lost was less than in the summer experiments. Ac- 
cordingly, a smaller water load was administered. In 2 of the 3 studies one liter of water 
was ingested and in the third the load was administered intravenously in the form of 1,090 ml. 
of a 2 per cent glucose plus 2 per cent fructose solution. 


Sodium and potassium were determined in serum and urine with an internal standard 
flame photometer, All serum determinations were done in duplicate. Serum and urine 
osmolality were determined cryoscopically with a Fiske osmometer, as previously described.? 
Serum and urine chloride and creatinine concentrations were measured by the usual methods 
employed in this laboratory.*, 9 
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Fig. 1 


-Urinary and serum changes in response to exercise and subsequent water ad- 
ministration, 


_ *Calculated by subtracting twice the decrease in serum sodium concentration from the 
previous value for serum osmolality determined cryoscopically. 


RESULTS 

An illustrative example of 1 of the 4 summer experiments is depicted in 
Fig. 1, and of 1 of the 3 spring experiments in Fig. 2. A summary of all studies 
is presented in Table I. In 6 of the 7 experiments significant diuresis did not 
follow the administration of a liter or more of water despite the fact that this 
led to an average fall in serum osmolality of 7 mOsm. (a decrease of 2.5 per 
cent from the preceding level). In these 6 studies there was a definite, albeit 
slight, increase in urine flow, and in 4 there was an associated decline in urine 
osmolality. However, in all 6 experiments, urine osmolality remained decidedly 
hypertonic to that of the serum. In the remaining study (TFW 3-26-54) there 
was an unmistakable water diuresis with urine flow increasing to 4.7 ml. per 
minute and urine coneentration decreasing from 1,036 to 137 mOsm. No ex- 
planation for this difference in response is at hand although it may be noted 
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that the amount of water ingested more nearly approximated the weight lost 
during exercise than in any other study, and, further, that the net decline in 
serum osmolality was the largest observed in any experiment. 

Endogenous creatinine clearance decreased an average of 20 per cent 
during the period of exercise. During the subsequent rest period it rose to 
within an average of 5 per cent of the control value and did not change sig- 
nificantly after water-loading. 

Although the amount of water administered was never sufficient to restore 
the pre-exercise body weight, the fall in serum osmolality was greater than 
the initial rise following exercise in 5 of the 7 studies. In part, this can prob- 
ably be explained by the loss of electrolyte in sweat and urine and in small 
measure by the actual consumption of body tissue. 
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Fig. 2.—Urinary and serum changes in ees to exercise and subsequent water administra- 
on. 
DISCUSSION 

These experiments clearly show that diuresis does not regularly follow an 
abrupt decline in serum osmolality averaging 2.5 per cent when the initial ele- 
vation of serum tonicity has been accomplished by the subtraction of water 
from the body. In contrast, diuresis regularly followed an even smaller decline 
in serum osmolality when the initial elevation had been produced by the 
addition of salt to the body.* * Certain differences are immediately apparent 
between these two methods of raising serum osmolality. With mild dehydra- 
tion there is a roughly proportionate contraction in both intra- and extracellular 
fluid volumes. With strong salt administration there is a contraction of intra- 
cellular fluid volume accompanied by an expansion of extracellular fluid 
volume. 
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Certain inferences may reasonably be drawn as to the distribution of the 
body fluids after the ingestion of water in the two sets of experiments. In 
the present experiments in which sodium and chloride were lost in the urine 
and sweat during the course of the study and in which the volume of water 
administered was never sufficient to replace the total fluid lost, it is almost 
certain that the extracellular volume remained somewhat smaller than it was 
initially. In the studies involving salt administration there can be little 
doubt but that the extracellular fluid volume was further expanded after water 
ingestion. In both series of experiments the volume of intracellular fluid pre- 
sumably was restored to nearly control levels since serum osmolality was so 
nearly returned to the initial level. 


These observations, then, lend further support to the body of evidence 
which indicates that the volume of the body fluids, and particularly of the 
extracellular fluid, plays an important role in diuresis and antidiuresis.’® ™ 
Mechanisms which may be involved have recently been discussed exten- 
sively'’ ™ and need not be entered upon here. 


CONCLUSION 


When hypertonicity of the blood has been produced by a loss of water, an 
abrupt lowering of serum osmolality consequent to water ingestion does not 
lead to diuresis as it does when hypertonicity has been produced by the addi- 
tion of salt. 
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THE NATURE AND DISTRIBUTION OF CARDIAC EDEMA 


Joun R. M.D., AND CHRISTINE WATERHOUSE, M.D. 
Rocuester, N. Y. 


CLEAR exposition of the abnormalities in water and electrolyte metabo- 

lism associated with congestive heart failure is essential to a further 
understanding of the pathogenesis of cardiac edema. Numerous investigations 
of this problem have been performed,’ and, while general agreement exists con- 
cerning the nature of external balances during recovery from heart failure, 
the question of the significance of cellular abnormalities in the production of 
cardiac edema remains unsettled. Pertinent to this problem are the state of 
cellular hydration, the significance of potassium and nitrogen balance data, 
and the existence of cation binding and osmotie inactivation in congestive heart 
failure. At issue is the question as to whether the primary disturbance in body 
fluid metabolism is directly attributable to the renal retention of salt and water 
accompanying heart failure, or whether it results from a complex series of 
physiologic and biochemical derangements traceable to abnormal cellular 
metabolism. 


By careful application of the metabolie balance and isotope dilution meth- 


ods to the study of changes during recovery from heart failure in a heterogene- 
ous group of patients, we have attempted to assess more completely the sig- 
nificance of the varying metabolie changes heretofore reported in such patients. 
The data indicate that the extracellular fluid space is the site of the primary 
disturbance in water and mineral metabolism, and suggest that the majority 
of observations indicating otherwise can be explained on the basis of factors 
which are not specific for the syndrome of congestive heart failure. 


PROCEDURE AND METHODS 


Subjects.—Patients with congestive heart failure manifested by gross peripheral edema, 
hepatic congestion, and venous hypertension were studied. Only subjects with low-output 
types of failure, namely those with rheumatic, arteriosclerotic, or hypertensive heart disease, 
are included in this report. Individual patients differed considerably in regard to the se 
verity and duration of heart failure and responsiveness to therapy. 

All patients received a low-sodium diet and digitalis, in maintenance or digitalizing 
doses as indicated. Certain patients received no additional diuretic therapy; others re- 
ceived Thiomerin intravenously or intramuscularly as indicated in the appropriate tables. 
Adjuvants such as ammonium chloride were given only where stipulated. 


Procedure.—All studies were conducted on a metabolic balance ward, where measure- 
ments of water, sodium, potassium, chloride, and nitrogen balances were performed, Each 
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received a constant daily diet, which was sampled and analyzed at least twice during the 
course of study. Blood was drawn in the fasting state at the beginning of each metabolic 
period and, when indicated, more often. Daily urine collections were analyzed, and ali- 
quots were pooled for analysis at the end of each metabolic period, Stools were separated 
with carmine markers and were pooled into corresponding periods, All rooms were air- 
conditioned, and visible perspiration did not occur, A daily skin loss of 3 mEq. of sodium 
and chloride was assumed. 


Methods.—Sodium, potassium, chloride, and nitrogen were analyzed in diet, urines, 
and stools by the methods previously outlined for this laboratory.? 

Nitrogen balances were corrected for changes in blood urea nitrogen. The value of 
2.7 mEq. of potassium per gram of nitrogen was utilized in the calculation of corrected 
potassium balance, 

Changes in extracellular fluid were caleulated from chloride space, assuming the 
latter as 20 per cent of body weight in the edema-free state. This calculation, and those 
pertaining to internal cation shifts were performed by standard methods.1 

In 6 studies on 5 subjects, body water was determined by deuterium dilution before 
and after diuresis. Analysis was done by the falling drop method, with minor modifica- 
tions.s Serial blood samples were drawn up to 20 hours after administration, and com- 
plete mixing was assumed when consecutive sera showed equal or near equal concentra- 
tions. In all subjects body water balance was calculated by the method of Newburgh,® 
utilizing his modification of Lavietes’ formula for the determination of fat balance. In 
the calculation of changes in total osmotically active cation (Table V) in subjects in 
whom deuterium spaces were not determined, total body water changes were back-cal- 
culated from an assumed value of 60 per cent of the nonedematous body weight. This 
estimated value did not enter into the calculations of body fluid balance. 


TaBLe I. THe RELATION oF Bopy WATER Loss TO CHLORIDE SPACE CONTRACTION IN SUBJECTS 
UNDERGOING DIURESIS 


WATER BALANCE DE 
RIVED FROM DEU- 
CHLORIDE TERIUM SPACE |; CALCULATED WATER 
WEIGHT SPACE ( LITERS ) | BALANCE (LITERS) 
DIURETIC LOSS CHANGE TOTAL TOTAL 
SUBJECT | THERAPY ( Kg.) ( LITERS ) BODY | CELLS BODY | CELLS 


1. M. 0 16.94 ~19.32 2.38 19.26 2.32 
J.G. 0 5.52 4.40 ~3.53 +0.87 4.47 0.07 
W.S. 0 9.03 6.11 7.03 0.92 5.87 


Mean of spontane- 
ous diuresis group 11.58 9.15 —9.96 —0.81 —9.87 


Hg* 4613 -14.54 15.21 0.67 
I. M. Hg 6.57 —6.76 6.44 
B.D, Hg 8.41 5.37 5.61 0.24 


Mean of mercurial- 
treated group 10.37 —8.89 —9.09 0.20 


Over-all mean 10.97 —9,02 9.52 0.50 


Other subjects 

C.M. Hg 5.12 —4.76 Deuterium spaces 
M. P. Hg + NH,Cl 5.62 4.13 not determined 
M.F. Hg+NH,Cl 1.91 -1.71 


*Thiomerin given intravenously or intramuscularly. 


RESULTS 
A. Water Metabolism.—aAs shown in Table I, there was excellent agree- 
ment between changes in body water caleulated from balance data and those 
determined directly from deuterium dilution. In all cases studied, the chloride 


-14.16 40.38 
6.28 
4.93 +0.44 
9.16 —0.14 
+0.41 
~4.98 ~0.85 
. ~1.79 —0.08 
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space contraction approximated total water loss, indicating an insignificant 
change in the cellular water compartment during diuresis. In the few sub- 
jects in whom some apparent loss in cell water occurred, this constituted a very 
small percentage of the total body water loss. 

The means of production of diuresis did not appear to influence the pattern 
of water loss in this study. In this respect then, mercurial diuresis resembles 
that induced by rest, digitalis, and sodium restriction alone. 


Since calculated body water changes are derived from the insensible weight 
loss, the question of changes in insensible loss during periods of diuresis has 
been investigated. Caleulations were made in all patients studied in our lab- 
oratory who had undergone mercurial diuresis, and in whom control data during 
positive water balance or equilibrium are available. Insensible loss during 
periods of fluid loss was compared to that observed in control periods, and, 
as shown in Table II, no change was observed during diuresis. 


TABLE II, AveraGe DAILy INSENSIBLE WEIGHT Loss DuRING MERCURIAL DIURESIS, RELATED 
TO CONTROL PERIODS 


CONTROL DIURESIS 
| INSENSIBLE LOSS | INSENSIBLE LOSS 
(GM./DAY ) DAYS | (GM./DAY) 


CHF* 13 1,283 1,202 
CHF 20 1,054 947 
CHF 11 890 883 
CHF 16 1,108 1,150 
CHF Ss 909 785 
CHF 14 843 744 
Cirrhosis 19 1,277 : 1,309 
Normal 21 1,225 } 1,418 

Mean 1,101 1,105 
*Congestive heart failure. 


DIAGNOSIS DAYS 


B. External Electrolyte Balances During Diuresis——Considerable varia- 
tion in the pattern of electrolyte balance during diuresis was observed, as shown 
in Table III. A definite grouping of subjects is apparent, however, when the 
sodium and chloride balances are related. This is expressed as the Na/C1 ratio 
in the table. In subjects showing spontaneous diuresis this ratio exceeded 
unity, except in Period I of I. M., when a metabolic acidosis was corrected by 
a chloride diuresis, and Period II of W.S., when a rather large negative potas- 
sium balance occurred for reasons which were inapparent. This pattern is simu- 
lated in Patients C. M., H. A., I. M., and M. P., who responded readily to mer- 
eurial diureties with the loss of all gross edema. In these two groups the ratio 
of sodium to chloride balances closely resembled their relative extracellular 
fluid concentration, with the exceptions noted above. 

A contrasting pattern is seen in Patients E. D., M. F., and H. F., who 
showed a suboptimal response to diuretic therapy, and never became entirely 
edema-free. Clinically, these patients had more severe and advanced heart 
disease, and had previously been partially or completely refractory to the 
conventional forms of treatment. Chloride loss exceeded sodium loss in each 
of these subjects, the Na/Cl balance ratio ranging from 0.44 to 0.59. 
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Four patients (M. P., E. D., M. F., and H. F.), ineluding all who were rela- 
tively resistant to therapy, showed significant negative potassium balances 
during mercurial diuresis. In the remaining subjects, potassium balances, 
after correction for nitrogen, were small and variable with the exception of 
I.M. who retained over 100 mEq. of potassium during the correction of a 
metabolic acidosis. It is apparent that no consistent pattern of potassium 
metabolism is present throughout the entire patient group. 


TABLE IIT, EXTERNAL ELECTROLYTE BALANCES DURING DivRESIS 


BALANCES PER PERIOD NaCl | SERUM ELECTRO- 
} | | NITRO- | BAL LYTES 
| Na K cen | ance (mEq./L.) 


| | 
| RETIC | 
SUB- | PE | THER ie 
JECT | RIOD | APY |DAYS|(mEq.) | (mEq.)|(mEq.)|(mEq.)| (GM.) | RATIO | Nz | Cl |CO, 


0 7 —1,024 +137 +107 —1,140 +11 0.90 5.2. 110 19 
IT 7 +56 28 ~1,164 +31 1.17 3s 0 105 29 
102 29 
—395 1.16 3.9 100 35 
—~200 1.38 100 
94 
~200 3 94 
325 : 355. 93 
93 
91 
107 
97 
116 
105 
101 
1,016 35 —80: : 2 140 5.0 102 
101 
506 : ‘ 2 35 5.2 91 
91 
123 38 5. 103 
4.3 96 
185 - 3: 98 
98 
139 5.1 104 
3.3 93 
*Corrected for nitrogen balance, 


Nitrogen balances were also variable. All subjects showed some degree of 
chronic wasting, and the balance of nitrogen was most dependent upon the 
intake of calories and protein. The positive nitrogen balance in Patient I. M. 
accompanied an intake of 2,160 calories and 77 Gm. of protein per day and, in 
Patient J. G., a daily intake of 1,570 calories and 71 Gm. of protein. In con- 
trast, the daily intake in subjects showing the largest negative nitrogen balances 
(W.S., and H. A., M.P., and H.F.) did not exceed 1,200 calories or 32 Gm. 
of protein. 


C. Internal Electrolyte Shifts—No uniform cellular cation shifts are ap- 
parent during diuresis (Table IV). In subjects showing loss of cell potassium 
(W.S. in Period II, M. P., M.F., and E.D.) there was a reciprocal shift of 
sodium into the cells. Large amounts of sodium and potassium entered the 
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cells during the correction of a metabolie acidosis in I. M. (Period I). 
patients, internal shifts of sodium and potassium were variable and small in 
magnitude and appeared unrelated to changes in cell water. 
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D. The Relation of Calculated to Observed Changes in Body Cation.—The 
relation of external sodium and potassium balances to changes in total os- 
motieally active cation, caleulated as the product of total body water and the 
extracellular fluid cation concentration, is shown in Table V. In the majority 
of subjects the caleulated decrease in total cation exceeds the observed nega- 
tive balanee, a finding which may be interpreted as evidence of cation binding 
or osmotic inactivation. In relation to external electrolyte balances, this dis- 
crepancy is most striking in E. D. and Period I of I. M. Considerable variation 
in the direction and magnitude of this change is apparent throughout the re- 
mainder of the group. 

DISCUSSION 

Any group of patients suffering from chronie disease is necessarily 
heterogeneous. In the present study, all subjects were recovering from con- 
gestive heart failure, but differed in respect to the severity and duration of prior 
illness, previous state of nutrition, and food intake during the course of study. 
A consideration of the influence of these factors on water and electrolyte me- 
tabolism must enter into the interpretation of metabolie data derived from 
this type of subject, and only those metabolic changes which are relatively con- 
sistent ean safely be ascribed to the common primary disease process. 

The present findings indicate that the overhydration associated with eardiae 
failure involves largely or wholly the extracellular fluid space. This has been 
a consistent observation, independent of the severity of heart failure or the 
type of therapy utilized. The diserepaney between this finding and the con- 
clusion reached by other workers that cell water is lost during diuresis’ re- 
quires explanation. The assumption that body weight and water loss are 
equivalent? is erroneous unless the subject is in calorie equilibrium, and this 
error will reach significant proportions if calorie imbalance is large and the 
period of study extends beyond several days. All subjects in the present study 
were in negative caloric balance, most notably E.D. and W.S., in whom loss 
of body fat was large in relation to total weight loss. Caleulations of water 
balanee based on body weight changes in the present group of subjects would 
consequently result in diserepancies between chloride space contraction and 
total water loss which would, in certain subjects, indicate large losses of cell 
water. 

Squires, Crosley, and Elkinton' have noted large discrepancies between 
body weight loss and urine volume during diuresis in certain cardiae sub- 
jects and have attributed this finding to excessive insensible water loss in these 
patients. This discrepancy has resulted in a caleulated loss of water contain- 
ing low concentrations of chloride, with the consequent conclusion that cellu- 
lar water was excreted during diuresis. In contrast, the present data reveal no 
increase in insensible loss during periods of fluid loss in a variety of patients, 
and relating chloride and water balances reveal a chloride concentration in 
excess of 115 mEq. per liter of water lost in every subject but one (M. P.). 
The good correlation between deuterium space changes and calculated body 


390 JAENIKE AND WATERHOUSE J. 
water changes further supports the accuracy of the metabolic method for es- 
timating water balance. A similarly close correlation has been observed in our 
laboratory in patients with malignant disease.* 

Techniques other than the metabolic balance method have been utilized 
in the study of eardiae edema. The ratio of exchangeable sodium to total body 
water in patients with heart failure suggests that the edema is primarily extra- 
cellular.” Similarly, musele biopsy analyses®*"** have generally failed to 
reveal evidence of cellular overhydration in the decompensated state. 

The ratio of the negative balanee of sodium to that of chloride during 
recovery from heart failure closely approximates their relative extracellular 
fluid concentrations in subjects undergoing spontaneous diuresis. This same 
relationship applies to mereurial diuresis in certain patients, namely those who 
appear to be readily responsive to diuretic therapy. Similar findings in both 
spontaneous and mercurial diuresis have been reported previously.’ ** Bar- 
ring large internal electrolyte shifts, these observations are consonant with 
the conclusion that the diuretic fluid in these 2 groups of patients is derived 
primarily from the extracellular space. 

The significance of low-sodium to chloride balance ratios attended by sig- 
nificant potassium loss during diuresis has aroused considerable speculation 
in the past. That mercurial diuretics may produce these changes in some pa- 
tients with heart failure has been thoroughly documented by Schwartz and 
Wallace,* and also observed by others.*.'* Schwartz and Wallace have dem- 
onstrated increments in ammonium and hydrogen ion exeretion, as well as that 
of potassium, in this type of response. The identity of cations other than 
potassium which make up the diserepaney between sodium and chloride ex- 
cretion has not been investigated in the present study. The present data are, 
however, compatible with the view that mercurial diuretics act to depress 
proximal renal tubular reabsorption of sodium chloride, and that cation ex- 
changes subsequently occurring in the distal tubule condition the final com- 
position of the urine. Conclusions regarding the nature of cardiac edema 
which are based upon analysis of the electrolyte content of diuretie fluid 
must take into account the mode of therapy utilized. The negative balance of 
potassium in this group of patients is not reflective of a primary disturbance 
in potassium metabolism, but is readily explainable as a phenomenon secondary 
to the administration of mereurial diureties. 

Patients exereting a urine with a low sodium to chloride ratio and rela- 
tively high potassium content in response to mercurial diuretics have been 
noted to show rapid development of mereurial unresponsiveness‘ and negligible 
amounts of sodium in the urine during control observations."® Those subjects in 
the present study (H. F., M. F., and E. D.) manifesting this type of response 
to diuretic therapy uniformly had control urinary sodium excretions under 
4 mEq. per day. As previously noted, these patients had severe, advanced 
heart disease and were only partially responsive to intensive therapy. These 
findings suggest that the urinary electrolyte pattern in mercurial diuresis is 
related to the degree of renal sodium retention which is, in turn, influenced by 
the severity of the heart disease. 
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The loss of body water containing relatively large amounts of potassium 
has in the past been cited as evidence of a loss of cell water during recovery from 
heart failure.t| The present data clearly indicate that water loss has occurred 
primarily from the extracellular fluid space, and that under certain conditions 
this may be accompanied by negative potassium balance and a simultaneous 
shift of sodium into the cells. Similar reciprocal shifts of sodium and potassium 
from cells to extracellular fluid have been observed by others under these con- 
ditions," ** and have been well demonstrated in experimental potassium deple- 
tion in animals'* ** and man.** While it seems probable that hydrogen ions 
also enter the cells in these patients,’® the present data are insufficient to rule 
on this possibility. 

Considerable variation in the nitrogen and potassium balances among the 
various subjects in this study has previously been noted. The influence of 
therapy on potassium balance is apparent from the foregoing, and the reten- 
tion of potassium with resultant intracellular deposition, noted during the cor- 
rection of acidosis in Patient I. M., indicates the influence which changes in 
acid-base metabolism may exert on potassium balance in this type of study. In 
the remaining subjects, changes in potassium balance are small, particularly in 
relation to total cation balance, and are best related to the dietary potassium 
intake. Similarly, repletion of nitrogen in these patients is most dependent 
upon their ability to ingest a diet sufficiently high in protein and calories to 
attain a positive nitrogen balance. 

Electrolyte analyses of muscle biopsy specimens from patients with con- 
gestive heart failure® * * *" have revealed some degree of potassium depletion 
in most subjects, but considerable variation of cellular sodium and potassium 
content has been noted. In view of the clinical differences of the subjects 
studied, this finding is in keeping with the conclusions derived from the pres- 
ent study; namely, that the presence and degree of intracellular deficits are de- 
termined by a multiplicity of factors operative in chronic disease. 

The discrepancies between observed external balances and calculated 
changes in total body fluid cation have previously been attributed to changes 
in the degree of cation binding and resultant osmotic inactivation by cellular 
constituents."* Evidence of increased cellular cation binding during recovery 
from heart failure has been cited by several groups,''*° although great vari- 
ability in the magnitude of this change is present within each study. This 
calculation is dependent upon accurate measurement of external electrolyte 
balances, serum concentrations, and changes in total body water, and the sig- 
nificance of small discrepancies must, therefore, be questioned. For example, 
overestimation of body water loss by one liter, probably within the experimental 
error in studies of this type, results in a caleulated ‘‘cellular inactivation’’ of 
150 mEq. of cation. In the present study only the results in Periods I and III 
in I. M., Period I in H. A., and the diuretic period in E. D. (Table V) fall out- 
side this estimated experimental error, and all are indicative of osmotic inactiva- 
tion of eation. The remaining subjects showed variable changes which were 
small in magnitude and of questionable significance. Aside from Period I 
in Patient I. M., when a shift of sodium and potassium into the cells occurred 
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during correction of a metabolic acidosis, no significant metabolic differences 
are apparent between subjects showing increased cation binding and the re- 
mainder of the group. The ealeulation of changes in total osmotically active 
eation negleets hydrogen ion balances and consequently the role of hydrogen 
ion as an intracellular cation, particularly in states of acidosis'® or potassium 
depletion.*® Since disturbances in acid-base balance, particularly after mer- 
eurial diuretic therapy,‘ and some degree of potassium depletion®® are often 
present in cardiae failure, these factors must be considered in the interpretation 
of data derived from the previously discussed calculation. Similarly, although 
it has been hypothesized that caleulated changes in eation binding occur within 
the body cells, the importance of bone as a cation reservoir™ remains undefined 
in this and other clinical states. Evidence of changes in cation binding has been 
observed in a variety of subjects, both in our laboratory and elsewhere,"* and is, 
therefore, not specific for heart disease. Further study is required to define the 
stimuli producing these changes, the role of acid-base metabolism in their pro- 
duction, and their site of occurrence. Until these problems are solved, it is not 
possible to assess accurately the true significance of internal cation binding in 
the syndrome of congestive heart failure. 


SUMMARY 


Metabolic studies have been conducted during spontaneous and mereurial- 
induced diuresis in a group of patients with congestive heart failure of varying 
severity and duration. The following conclusions are derived from the data 
obtained. 

1. The extracellular fluid space is the primary site of fluid accumulation 
in eardiae edema. 

2. Urinary electrolyte composition during diuresis may be influenced by 
therapy. Sodium and chloride are generally lost in amounts roughly propor- 
tional to their extracellular fluid concentrations in subjects who are undergoing 
spontaneous diuresis or who are readily and continually responsive to mercurial 
diuretics. The latter agents may induce negative potassium balance and low 
sodium to chloride balance ratios in patients with advanced cardiac disease 
who are partially refractory to treatment. 

3. Potassium balance is also influenced by the level of dietary intake and 
by alterations in acid-base metabolism. Nitrogen balance is best related to the 
dietary intake of calories and protein. 

4. The lack of characteristic changes in external nitrogen or potassium 
balances and the absence of consistent intracellular electrolyte shifts indicate 
that these alterations are not specific for congestive heart failure, but can best 
be explained on the basis of other factors operative in chronic disease. 

5. Evidence suggesting that cation may be osmotically inactivated or bound 
in an unknown body site during recovery from heart failure is presented. This 


is an inconsistent finding, the significance of which in cardiac edema remains 
unknown. 
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6. The data favor the view that the essential primary abnormality of fluid 


and electrolyte metabolism in heart failure is the accumulation of excessive 
intravascular and interstitial fluid, secondary to the renal retention of salt 
and water. 
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THE RELATIONSHIP BETWEEN INSULIN RESPONSIVENESS AND 
BLOOD GLUCOSE HALF-LIFE IN NORMAL AND DIABETIC SUBJECTS 
N. M.D., N. Kavant, M.D., anp M. M. Horrman, M.D. 
MONTREAL, CANADA 


N THE assessment of patients with disordered carbohydrate metabolism, 
it is frequently desirable to know the response both to a carbohydrate load 
and to the administration of insulin. These are usually determined separately 
by the use of a glucose tolerance test on one occasion and an insulin or glucose- 
insulin test at a later date. The obvious disadvantages of such a situation have 
prompted the search for a procedure which would provide information in both 
areas simultaneously. 

Recently developed methods for the assessment of glucose utilization are 
designed to measure the rate of disappearance of intravenously injected glu- 
cose from the circulation. Since the intravenous administration of a glucose 
load results in a prompt decrease in the release of glucose from the liver," * 
the rate of fall of the blood sugar concentration toward normal levels is an 


index of the rate of glucose uptake by the tissues.**° When insulin is given 
concurrently with the glucose, the rate of fall is increased,” * the difference in 
rate being a measure of the effectiveness of the exogenous insulin. 


It is the purpose of this report to deseribe a combined test of glucose 
tolerance and insulin responsiveness based on measurement of the fractional 
rate of glucose disappearance and to determine the relationship between these 
parameters in normal and diabetie subjects. 


MATERIALS AND METHODS 


Control subjects were healthy men and women who were within the normal weight 
range and had no family history of diabetes in the two preceding generations. Diabetic 
patients had disease of the maturity-onset type beginning after the age of 40, and were 
free of other metabolic disturbances. Thirteen of these were not under treatment with 
insulin; comparison of those treated and untreated with insulin will form part of a subse- 
quent report. All forms of long-acting insulin were discontinued 48 to 72 hours, and erystal- 
line insulin 20 to 24 hours, prior to the test. A diet containing 250 Gm. or more of car- 
bohydrate was taken for at least 2 days prior to the test by both the control and diabetic 
subjects. Experiments were performed in the morning in the fasting state with the sub- 
ject recumbent. Capillary blood specimens of 0.1 ml. were obtained from the ear lobe, 
which was kept comfortably warm by means of an electric light bulb focused on it. A 
heparin-soaked sponge applied to the ear permitted repeated blood sampling from one stab 
wound, Glucose determinations were done by the Somogyi modification® of the Nelson 
method,10 
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Glucose was administered intravenously by injection and infusion. For the former, 
35 Gm. of glucose in 50 per cent solution was given over a period of 5 minutes; for the 
latter, a 10 per cent solution in water was given at a rate of 72 drops per minute (controlled 
by a tunnel clamp) for 20 minutes. Insulin was administered intravenously; a glueagon- 
free preparation was diluted with commercial insulin diluent* to a concentration of 5 units 
per milliliter and injected from an accurately calibrated 2 ml. tuberculin syringe. 

Calculations.—The rate of disappearance of glucose was calculated from the equation 
for a first-order reaction: C,,, = C,.e** 


‘ 


, where = glucose concentration at time “t,” 
C,,, = glucose concentration at time zero, and K = rate constant of disappearance of 
regression coefficient of log glucose concentration on time. K was calculated by the method 
of least squares. Though others, doing similar work, have expressed their results in terms 
of K, it was thought that the concept of half-time is widely used and more readily appre- 
log, 2 0.693 

ciated; this value (t%4) can be calculated from the equation: K = which 


tly 
is derived from the first equation. 


RESULTS 

1. Single Glucose Injection.—In preliminary experiments, following a single 
injection of glucose, blood samples were obtained at 5-minute intervals for 
90 minutes. The t} was obtained for the 30- to 60-minute interval and for 
the 60- to 90-minute interval. In 8 normal subjects the mean difference in the 
t4 for the 2 periods was 1.5 + 6 minutes (p > 0.1). This is in agreement with 
the work of others who obtained a linear relationship between glucose con- 
centration and time for periods of 45 minutes.” ° 


2. Glucose-Insulin Test.—Fifty normal individuals and 36 diabetic patients 


were studied by the following procedure. An injection of 35 Gm. of glucose 
in 50 per cent solution was started at time zero through a 3-way stopcock 
attached to a needle in an antecubital vein. This was followed by an infusion 
of 10 per cent glucose in water at 72 drops per minute for 20 minutes and, 
subsequently, by saline at the rate of 10 drops per minute until the end of 
the experiment. Insulin was administered through a side arm of the stopeock 
at the sixtieth minute. The dose was 0.03 unit per kilogram for the 12 normal 
individuals, and 0.1 unit per kilogram for the 38 normal and 36 diabetie sub- 
jects. Capillary blood was taken at accurately timed intervals of approxi- 
mately 5 minutes from the thirtieth to ninetieth minute when the procedure 
was terminated by the ingestion of 100 Gm. of glucose in lemon juice. If 
hypoglycemie symptoms developed, glucose was administered through the in- 
dwelling needle. 

The half-life times were determined separately for the period prior to the 
administration of insulin (t4 G) and the period after insulin administration 
(t} 1). The former was taken as the index of glucose tolerance while the 
difference between them was considered as an index of insulin responsiveness. 
An example of the experimental data obtained is shown in Fig. 1. 

Nondiabetic subjects: In nondiabetic subjects the t} G ranged from 20 to 
85 minutes, with a mean and standard deviation of 44 + 18 minutes (Table I). 


*We are indebted to Dr. W. R. Kirtley of Eli Lilly & Company, Indianapolis, Ind., 


for 
generous supplies of glucagon-free insulin and of insulin diluent. 
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This is in good agreement with the results of others using a similar pro- 
cedure.” Following the administration of 0.1 unit of insulin per kilogram, 
the half-life decreased to 19 + 6 minutes, a value somewhat higher than those 
previously reported.'' The greater the t} G the greater was the decrease 
in half-life produced by insulin. The half-life following insulin was independ- 
ent of the initial glucose half-life (regression coefficient approaching 0, Fig. 
2). The results with the lower dose of insulin were almost identical, indicating 
that a maximal insulin effect was being obtained with both doses and that some 
factor other than insulin was limiting the rate of glucose disappearance and 
preventing a further fall in half-life. The t} I for the combined groups was 
20 + 6 minutes. 
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Fig. 1.—A typical normal response to the combined glucose tolerance-insulin responsive- 
ness test. A glucose injection of 35 Gm. over a period of 5 minutes was followed by an 
infusion of 10 per cent glucose for 20 minutes and then by a slow infusion of saline Insulin 
was given at the sixtieth minute. The glucose half-life was obtained for the periods before 
and after insulin. 


Taste [. InrrRavenous GLucose TOLERANCE-INSULIN RESPONSIVENESS TEST IN NONDIABETIC 
AND DIABETIC SUBJECTS 


| BODY BEFORE INSULIN APTER INSULIN 
| WEIGHT | the | | tir 
GROUP | no. | (MIN. ) | (MIN.) 
A. Nondiabetie 
0.03 unit 
insulin/Kg. 12 0.0182 + 0.0067 44+18 0.0306 + 0.0057 23+ 4 
B. Nondiabetic 
0.1 unit 
insulin/Kg. 38 0.0183 + 0.0070 44+18 0.0417+0.0170 19+ 6 
A and B 50 64.9+11.3 0.0183 +0,0068 44+18 0.0390+0.0160 20+ 6 


C. Diabetic 
0.1 unit 
insulin/Kg. 360 66.4411.7 0.0063+0.0013 119435 0.0128+0,0095 83+50 


Values shown are mean + S.D. 


The blood sugar concentration at the thirtieth minute, the beginning of 
the period of measurement of t} G, ranged from 150 to 340 mg. per 100 ml., 
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varying in the same direction us the values for t} G. The t4 I did not vary 
with changes in the blood sugar concentration obtaining at the time of insulin 
administration (regression coefficient b — 0.036, Fig. 3). 

Diabetics: The t} G values in diabetic subjects ranged from 60 to 225 
minutes with little overlap into the normal range. Fig. 4 shows that in the 
diabetie group the regression line of t} I on t} G has a slope considerably 
different from that of the nondiabetic subjects and that there is much more 
seatter of the points about the line. 


GLUCOSE 
HALF - LIFE 
AFTER 
INSULIN 
(minutes ) 


GLUCOSE HALF -LIFE 
BEFORE INSULIN 
(minutes 


; Fig. 4.—Relation of glucose half-life after insulin (ty I) to glucose half-life before 
insulin (ty G) in diabetic (4) and nondiabetic (@) subjects. The regression lines are shown 
for the 2 groups, the coefficients being 0.0775 for nondiabetic individuals and 0.856 for diabetic 
subjects. The broken line represents the distribution for all points with complete insulin 
unresponsiveness (ty I = ty G). The vertical distance of any point from this line represents 
the insulin response for that subject. 


DISCUSSION 

The concept of the fractional disappearance rate of blood glucose from 
hyperglycemic levels as an index of the rate of glucose utilization has been 
used by several authors in recent years, but various mathematical functions of 
the blood glucose concentrations have been used to determine this 
rate. results are in agreement with those of Conard and as- 
sociates’ and of Ikkos and Luft® in that a linear relationship with time was 
obtained for the whole duration of the period of measurement only by using 
the logarithm of total blood glucose concentration. Recalculation of published 
data* indicated that such a relationship existed only after the fifteenth to 
twentieth minute following glucose injection. This has been re-emphasized by 
Ikkos and Luft® on the basis of theoretical and experimental considerations. 
However, by this time the blood sugar had fallen a considerable distance to- 
ward normal levels, precluding the later injection of insulin without risk of 
producing marked hypoglycemia. In the present work this difficulty was 
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obviated by the use of a glucose infusion which served to maintain hypergly- 
cemia while equilibration was occurring, and allowing a 5-minute period for 
equilibration of the final portion of the infusion. The use of a 3-way stopcock 
facilitated rapid change from glucose to saline infusion. 

The results of the first experiment, in presumptive agreement with previ- 
ous reports,” © indicate constancy of the disappearance of glucose over pro- 
longed periods of time. Because of this finding it was felt that the data of 
the first 30-minute interval would not only permit calculation of the glucose 
disappearance rate, but would also act as base-line data in determining the 
response to insulin duriing the next 30-minute interval, thus enabling the 
measurement of both parameters during one procedure. 

Normal subjects had a glucose half-life (t4 G) ranging from 20 to 85 
minutes. When insulin was administered, the half-life (t4 1) in all subjects lay 
within a narrow range of 20 + 6 minutes. This implies that the spread of 
values for t} G may have resulted from differences in the release of endogenous 
insulin rather than from differences in responsiveness to this insulin. The 
observation that, even with maximally effective doses of insulin, the half-life 
did not fall below a certain level (20 + 6 minutes) indicates that some process 
beyond the site of action of insulin was rate-limiting, perhaps hexokinase 
activity. 

In the present work a constant glueose load was used for subjects of 
different body weight, thus being, in effect, a variable load. Sinee Dunean* 
has presented evidence that t4 G ealeulated on the basis of total blood glucose 
levels is dependent on the size of the load, it might be anticipated that t4 G 
would now be dependent on body weight. In facet, however, these parameters 
were independent (r — —-0.165, p > 0.10), a finding in agreement with that 
of others who observed no effect of load size on fractional rate of glucose dis- 
appearance.’ 

Previous workers have obtained values of t} I of 10 to 12 minutes’? **; 
in these cases the experimental procedure differed in at least two respects— 
lack of a glucose infusion during the equilibration period and use of venous 
rather than capillary blood—so the results cannot be readily compared. It is 
important to note, however, that t4 I was independent of the blood sugar 
obtaining at the time of insulin administration (Fig. 3). 

As shown by earlier studies** the glucose half-life in diabetic subjects 
was considerably longer than normal. In addition, insulin did not reduce the 
half-life to the same level as had obtained in normal subjects. The response 
to insulin, indicated in Fig. 4 by the vertical distance of a point from the 
broken line (t4 G = t4 I, insulin response zero), was seen to vary continuously 
from normal through zero to a negative value. These results support the 
contention of Himsworth and Kerr'® that patients with maturity-onset diabetes 
are, on the whole, relatively unresponsive to insulin. Though the urinary 
loss of glucose probably played an insignificant role in determining the glucose 
disappearance rate of normal subjects,’* it may have been important in the 
diabetic patients since the blood sugar concentrations were somewhat higher. 
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Insulin decreases the tubular reabsorption of glucose in diabetic patients’ and 
thus increases the rate of glucose disappearance; a change in t} indueed by 
insulin may thus be due to changes in peripheral, hepatic, or renal glucose 
metabolism. The finding of decreased responsiveness tv insulin, as this is 
defined in the present work, offers no explanation as to the mechanisms of 
the decrease. 

In general, as the value for t} G inereased there was an increasing dis- 
crepancy between t$ I values of normal and diabetie subjects. There are 3 
possible explanations for such a finding. 

1, The maximal response to the administered insulin may have been 
reached when the t} G was about 85 minutes and the t} I about 20 minutes; the 
difference of 65 minutes was the greatest response to insulin seen in control 
subjects, and increases in t} G above 85 minutes would then be associated with 
equal increases in t} I. 

2. There may have been a continuously decreasing responsiveness to in- 
sulin, both endogenous and exogenous, manifested, respectively, by an increas- 
ing t} G and a decreasing ability of insulin to lower the half-life to the normal 
value of 20 minutes. 

3. There may have been a continuous increase in the ‘‘noninsulin’’ rate- 
limiting factor(s), with the same effects as those of a decreasing insulin re- 
sponsiveness. 

The first of these explanations is unlikely since those patients with long 
glucose half-life had, on the whole, smaller insulin effects than the 60-minute 
reduction in ts G shown by some of the normal individuals. At the present 
time there is no basis for choosing between 2 and 3 as the true explanation. 
However, there appears the very distinct possibility that the diabetic syndrome 
in some subjects may be due not to a lack of insulin or direct inhibition of 
insulin action on cell permeability, but to a metabolie block on the glycolytic 
pathway, making the step concerned rate-limiting and, secondarily, preventing 
a full response to insulin. 

The response of any individual to a test dose of insulin may now be com- 
pared with that of other individuals having the same ‘‘base line’’ of glucose 
utilization by referral to data such as those shown in Fig. 4. A subject whose 
glucose half-life after insulin is greater than that anticipated from the value 
before insulin may be considered to show relative insulin unresponsiveness, 
without, however, implying any specific mechanism for such an abnormality. 


SUMMARY 


A method has been devised to permit the measurement of blood glucose 
half-life after glucose loading, before and after the administration of insulin. 
The former value was taken as an index of glucose tolerance and the difference 
between the two as an index of insulin responsiveness. In normal subjects the 
half-life of intravenously administered glucose ranged from 20 to 85 minutes. 
After the injection of insulin the half-life was 20 + 6 minutes regardless of its 
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initial value. Diabetic subjects showed a decrease in glucose tolerance re- 
flected in an increased half-life; as this abnormality increased in severity, the 
inability of exogenous insulin to lower the half-life to normal levels increased 
proportionately. This may have been the result of decrease in the specifie re- 
sponse to insulin or of an inerease in a noninsulin rate-limiting factor. 


We are indebted to Dr. J. L. Wolfson for much helpful advice and criticism. 


REFERENCES 


. Soskin, S., Essex, H. E., Herrick, J. F., and Mann, F. C.: The Mechanism of Regulation 
of the Blood Sugar by the Liver, Am. J. Physiol. 124: 558, 1938. 

2. Bondy, P. K., James, D. F., and Farrar, B. W.: Studies of the Role of the Liver in 
Human Carbohydrate Metabolism by the Venous Catheter Technique. I. Normal 
Subjects Under Fasting Conditions and Following the Injection of Glucose, J. Clin. 
Invest. 28: 238, 1949. 

3. Amatuzio, D. S., Stutzman, F. L., Vanderbilt, M. J., and Nesbitt, S.: Interpretation of 
the Rapid Intravenous Glucose Tolerance Test in Normal Individuals and in Mild 
Diabetes Mellitus, J. Clin. Invest. 32: 428, 1953. 

- Dunean, L. J. P.: The Intravenous Glucose Tolerance Test, Quart. J. Exper. Physiol. 
41: 85, 1956. 

Conard, V., Frankson, J. R. M., Bastenie, P. A., Kestens, J., and Kovacs, L.: Etude 
critique du triangle d’hyperglycémie intraveineux chez l’homme normal et détermi- 
nation d’un “coefficient d’assimilation glucidique,” Arch. internat. pharmacodyn. 
et thérap. 93: 132, 1953. 

. Ikkos, D., and Luft, R.: On the Intravenous Glucose Tolerance Test, Acta Endocrinol. 
25: 312, 1957. 

. Amatuzio, D. 8., Schultz, A. L., Vanderbilt, M. J., Rames, E. D., and Nesbitt, 8.: The 
Effect of Epinephrine, Insulin and Hyperthyroidism on the Rapid Intravenous 
Tolerance Test, J. Clin. Invest. 33: 97, 1954. 

. Volk, B. W., and Lazarus, 8. 8.: The Effect of Varying Insulin Dosages on the Rate of 
Decline of the Blood Sugar in the Modified Glucose Insulin Tolerance Test, J. Las. 
& CLIN. MED, 41: 684, 1953. 

. Somogyi, M.: Notes on Sugar Determination, J. Biol. Chem. 195: 19, 1952. 

- Nelson, N.: Photometric Adaptation of Somogyi Method for Determination of Glucose, 
J. Biol. Chem. 158: 375, 1944. 

. Marks, P. A., and Bishop, J. 8.: Glucose Metabolism in Subjects With Neoplastic Dis- 
ease: Response to Insulin and Glucose Tolerance Follow-up Studies, Proce. Am. A. 
Cancer Res. 2: 228, 1957. 

. Bastenie, P. A., and Conard, V.: Essai d’interprétation des épreuves d’hyperglyeémie 
provoquée, Rev. Fr. Clin. Biol. 2: 223, 1957. 

3. Had, C. J., Jr., Elrick, H., and Witten, T. A.: Studies on the Kinetics of Glucose Utili- 
zation, J. Clin. Invest. 35: 1139, 1956. 

. Greville, G. D.: The Intravenous Glucose Tolerance Equation, Biochem. J. 37: 17, 1943. 

Conard V.: Mésure de l’assimilation du glucose Les Editions, Bruxelles, 1955, Acta 
Medica Belgica. 

Christophe, J.: Détermination d’un coefficient d’assimilation glucidique chez le rat 
normal. Etude d’influence de la dose de glucose sur 1’assimilation, Compt. Rend. 
Soe. Biol. 148: 1886, 1954. 

. Conard, V.: Action de Vinsuline et de doses variables de glucose sur l’assimilation 
glucidique du chien, Compt. Rend. Soe. Biol. 148: 1516, 1954. 

8. Himsworth, H. P., and Kerr, R. B.: Insulin-sensitive and insulin-insensitive types of 
diabetes mellitus, Clin. Se. 4: 119, 1939. 

. Farber, 8. J., Berger, E. Y., and Earle, D. P.: Effect of Diabetes and Insulin on the 
Maximum Capacity of the Renal Tubules to Reabsorb Glucose, J. Clin. Invest. 30: 
125, 1951. 


STUDIES ON GROWTH HORMONE 
THe Errects or CHanaina Amino Acip CONCENTRATIONS UPON THE 
HorRMONAL REGULATION OF PROTEIN METABOLISM IN THE ISOLATED, 
PERFUSED LIVER 
Joun B. Price, Jr., M.D.,* anp JoHn F. Pruppen, M.D., Mep. Sc.D. 
New York, N. Y. 


IV. 


N THE first of this series of studies the effects of varying hormonal environ- 

ments upon the protein metabolism of the isolated, perfused rabbit liver were 
studied.t These experiments were carried out in the presence of high perfusate 
amino acid levels—a condition believed to be requisite to the maximal stim- 
ulation of protein synthesis. The demonstration of differences in the action 
of growth hormone (GH) as the amino acid level is varied in the intact animal? 
suggested similar differences might be apparent in the perfused liver. More- 
over, the determination of the actions of growth hormone and insulin at amino 
acid levels approximating those in the intact anima] seemed desirable. Accord- 
ingly, in this study the actions of GH and insulin were examined at physio- 
logie amino acid concentrations and the results compared with those previously 
obtained. Marked differences were demonstrable in several of the studied 
effects of these two hormones at these two quite different perfusate amino acid 
levels. 


METHODS 


Apparatus and Technique.—The apparatus and operative technique were those previously 
described1, 3; however, no provision was made for collection of carbon dioxide. The common 
bile duct was cannulated and bile collected in all experiments. 

The Perfusate.—The donor blood was collected under sterile conditions by cardiac pune- 
ture and the final perfusate was composed of the following: 500 ml. of defibrinated rabbit 
blood, 500 ml. of an amino acid solution composed of 0.246 Gm. amino acid mixture,t and 
5.36 Gm. sodium chloride; the final mixture was adjusted to pH 7.45. In addition, 4.0 mg. 
of glycine-2-C14 with a specific activity of 1.45 me. per millimole and a radiopurity of > 99 
per cent was added to the perfusate.} Table I gives the approximate millimolarity of the 
perfusate. 


The Experimental Protocol.—This is unchanged from the previous experiments.1 Hourly 
samples of perfusate are removed for chemical and radioactive determinations. When GH$ 
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was to be tested, 50 mg. was added to the perfusate just prior to perfusion, Similarly 40 
units of regular insulin was added in insulin experiments, and both agents in these dosages 


in the combination GH-insulin experiments. 


TABLE I, APPROXIMATE MILLIMOLARITY OF THE PERFUSATE 


PEKFUSATE MILLIMOLES/LITER 
A. Amino Acids 
1. Arginine 0.035 
2. Glycine 0.760 
3. L-Histidine 0.067 
4. Isoleucine 0.151 
5. Leucine 0.310 
6. Lysine 0.159 
7. Methionine 0.067 
8. Phenylalanine 0.079 
9. L-Threonine 0.395 
10. pL-Tryptophan 0.022 
11. 0.148 
2. w-Glutamie acid 0.025 


B. Other Constituents 


13. Laetie acid 0.27 
14. Nat 164.05 
15. Cl 138.05 
16. K+ 2.3 
17. CO, 1.8 


3508.69 


Chemical Procedures.—The red cell free ‘‘plasma’’ perfusate was analyzed by the 
following techniques: (1) urea: Gentskow and Masen*; (2) glucose: Nelson5; (3) per- 
fusate protein: Micro-Kjeldahl, Ma and Zuazaga® (hemoglobin corrections on the perfusate 
‘*plasma’’ for lysed erythrocytes were made as beforet) ; (4) alpha amino nitrogen: Albanese? 
and Fister.$ 

Radioactive Measurements.—The radioactivity of the plasma proteins and the estimation 
of the isotopic dose were determined as before, except that a predominantly helium mixture 
rather than methane was employed. 
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Fig. 1.—Perfusate urea nitrogen. 


RESULTS 


Data for the results presented in Figs. 1 to 4 were obtained in 18 perfusion 
studies: 6 controls, 5 GH, 4 insulin, and 3 GH-insulin. For purposes of ecompari- 


= 
BE o* | | 
AE 
10 “4 Z 
20+ 
Le 
uf 


PRICE AND PRUDDEN 


J. Lab. & Clin. Med. 
September, 1958 


HIGH LEVEL SUBSTRATE LOW LEVEL SUBSTRATE 
6.0 
[ 


Contro/ 

insulin 
(nsulin ln GH 


MG PERCENT 


12 
TIME IN HOURS 


Fig. 2.—Perfusate alpha amino nitrogen. 
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Fig. 3.—Perfusate glucose. 
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Fig. 4.—Perfusate protein radioactivity. 
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son, the previously obtained results from the high-level amino acid experiments* 
are given. Table Il presents the statistical characteristics of the low-level 
substrate data. In each box of the table the larger member of the com- 
parison listed is given with ‘‘p’’ as the probability for identity between the 


TABLE ITI. 


STATISTICAL ANALYSIS OF PERFUSATE CONSTITUENTS UNDER VARYING 
ENDOCRINE ENVIRON MENTS* 
A. LOW-LEVEL SUBSTRATE PEKFUSATE UREA NITROGEN oA. 


Gu GH-INS. ‘INSULIN 


p < 0.001 p < 0.001 


Control 


p < 0.005 > 0.001 


GH versus GH 
| p < 0.3 > 0.2 p < 0.001 
GH-Ins. versus GH-Ins. 
< 90.001 
B. LOW-LEVEL SUBSTRATE PERFUSATE ALPHA AMINO NITROGEN 
| GH GH-INS. INSULIN 


Control versus ~ Control Control Control 
p < 0.001 p < 0.001 p < 0.001 
GH versus GH pe GH 
| p < 0.001 p < 0.001 
GH-Ins. versus GH-Ins. 


| p<05>04 
LOW-LEVEL SUBSTRATE PERFUSATE GLUCOSE 


Gu | GH-INS. INSULIN 

Control versus Contra | GH-Ins. Insulin 
P< 9.01 > 0.005 p < 0.001 < 9.001 

GH versus GH-Ins. } Insulin 
p < 0.001 p < 0.001 


GH-Ins. versus Insulin 
p < 0.05 > 0.025 
D. LOW-LEVEL SUBSTRATE PERFUSATE PROTEIN RADIOACTIVITY 


GH GH-INS, “INSULIN, 
Control versus GH | Control | Control 
p < 0.005 > 0.001 | p < 0.02 > 0.01 | p< 0.1 > 6.05 
GH versus | GH GH 
p < 0.001 p < 0.001 


GH-Ins. versus Insulin 
p < 0.05 > 0.025 

*The type of experiment indicated within each box shows that one of the experimental 

pair being compared which exhibited the higher mean for the total 12-hour perfusion, The 


probability that the difference between these means was due to chance selection is given by 
the p value in each square. 


types of perfusions compared. In all comparisons and in all data plotted, the 
values are ‘‘normalized’’ by converting the hourly samples to increments or 
decrements from a starting level of zero; ‘‘p’’ was obtained by means of a ‘‘t”’ 
test with pairing of the 12 hourly means against one another. Fig. 5 shows the 
mean differences between the measured perfusate constituents in the present 
experiments over the perfusion time from 1 to 12 hours, inelusively. This 
figure offers the simplest visual estimate of the over-all behavior of these con- 
stituents, but it lacks the more complete information given by hour-to-hour 
changes in perfusate concentrations. Certainly the most accurate comparison 


*Hereafter these are referred to as “high-level substrate’ and the current experiments as 
“low-level substrate.” 
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would be provided by a calculation of the constants which characterize the in- 
erements or decrements of these concentrations with time. These results will 
be reported at a later time.’ 
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Fig. 5.—The changes induced by insulin and growth hormone in the mean 12-hour perfusate 
concentrations relative to the controls. 


The means and standard deviations of the initial concentrations of the 
constituents considered are listed below: 


1. Urea 11.6 2.00 mg. per cent 
2. Glucose 57.6 + 4.17 mg. per cent 
3. Total ‘‘plasma’’ protein 2.44 + 0.22 mg. per cent 
4. Alpha amino nitrogen 6.8 1.31 mg. per cent 


DISCUSSION 
The graphic comparisons of the data obtained under the two levels of per- 


fusate amino acid concentrations with the same hormonal environment show 
striking differences between the two groups. 


Urea (Fig. 1).—High-level substrate GH experiments produced less urea 
than all other types, and the insulin and GH-insulin experiments produced 
more than the control. In contrast, the low-level substrate GH experiments 
produced more urea than the control, while the insulin perfusions produced 
less urea. Thus the effect of growth hormone on urea production is dependent 
on the amino acid level, and at low levels GH actually increases this particular 
metabolic index. The effects of insulin are also reversed as decreased urea pro- 
duction is noted in the low-level results. Data obtained in nephrectomized 
animals’ treated with GH reflect these hepatic results, since GH treated animals 
receiving a load of amino acids show a decreased rate of urea formation; how- 
ever, the rate of urea formation is little affected in a growth hormone treated 
animal without the amino acid load. 
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Alpha Amino Nitrogen (Fig. 2).—In the high-level experiments with an 
initial alpha amino nitrogen value of 170 mg. per cent, there was a large removal 
of amino acids by the liver with a resultant drop in perfusate levels in all 
hormonal environments including the controls. Insulin produced the largest 
removal by the liver, and growth hormone alone the smallest—even less than 
the control. At an initial level of 6.8 mg. per cent, however, there was a rising 
level of perfusate amino acids in GH and control experiments. The insulin 
perfusions (either alone or with growth hormone) exhibited an hepatic amino 
acid uptake with a falling perfusate amino acid concentration. In this environ- 
ment the liver functions similarly to ‘‘peripheral tissues,’’ since eviscerate 
animal preparations have shown increased tissue uptake of plasma amino acids 
with insulin."* "' Insulin experiments thus show an increased uptake of amino 
acids that is relatively independent of perfusate amino acid levels. 


An explanation in accord with the greatly decreased hepatic uptake of 
amino acids in the high-level substrate GH experiments is an increased produc- 
tion of amino acids and hepatie proteins. This would also apply to the rises 
observed in human plasma protein and nonprotein S*° when GH is given follow- 
ing a prior administration of S**-labeled methionine."* The amino acid uptake 
data with GH and a low-level substrate show an outpouring of hepatie amino 
acids ; however it is less than in the control experiments. As in the case of urea 
production, the aetion of GH upon perfusate alpha amino nitrogen level is seen 
to be dependent on perfusate amino acid levels. 

Additional amino acid level-dependent differences are seen when perfusate 
protein radioactivities are compared. In the high-level studies, all experimental 
hormonal environments markedly increased the rate of C'* incorporation as com- 
pared to the control environment. As would be expected in a closed system, 
there was a tendency for all curves to plateau with time. 


In the low-level experiments, although statistically significant differences 
are still present, the experimental environments show less deviation from the 
control. Insulin (with or without GH) no longer increases the rate of C™ 
incorporation, while GH (alone) still causes a higher rate of incorporation than 
the control. 


Glucose (Fig. 3).—In both series of experiments a rising level of perfusate 
glucose was observed in all hormonal environments. Significantly higher levels 
of glucose production were present in the insulin experiments, and the lowest 
levels were consistently seen with GH. At both amino acid levels the addition 
of GH-insulin lowered glucose perfusate concentrations from their mean insulin 
experiment levels; but these exceeded the control level. Glucagon-free insulin* 
was employed at both amino acid levels, and the lack of any discernible differ- 
ence from the other insulin runs clearly indicated that the hyperglycemic effects 
were insulin-induced. Hepatie glycogen levels were not decreased in the high- 
level substrate insulin experiments so that increased glycogen breakdown is not 
the source of the perfusate glucose. The much greater absolute production of 
glucose in the high-level amino acid experiments indicates the amino acid pool 


*Kindly furnished by Eli Lilly & Company, Indianapolis, Ind. 
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is the souree. Sequence of action studies of the effects of insulin on liver slices 
have shown" that increased glucose uptake is produced only by relatively long 
periods (12 to 18 hours) of contact with insulin, in contrast to muscle studies 
where an almost immediate increased glucose uptake occurs. Therefore, in the 
nonfasted animal the first action of insulin upon the liver results in an increased 
production of glucose plus an increased uptake of amino acids. 


Perfusate Protein (Fig. 4).—In the high-level substrate experiments' a 
consistent difference was noted in the perfusate protein values when determined 
by the biuret method and by the micro-Kjeldahl technique. This difference was 
largest in the insulin experiments, and was considered due to a polypeptide 
fraction measured in the biuret reaction, but which was not precipitated by the 
trichloroacetic acid used preparatory to the micro-Kjeldahl procedure. This 
fraction has not at present been isolated or characterized. In the low-level 
substrate experiments this fraction could not be consistently measured, and 
when demonstrated it was considerably smaller than in the earlier series of 
experiments. Thus, although this fraction appears to be characteristic of 
hepatic metabolism at very high amino acid levels, it is present at physiologic 
amino acid concentrations. The high-substrate data previously presented’ in- 
dicated that this fraction was composed of synthesized polypeptides, since the 
information obtained showed that a considerable protein synthesis was under 
way. The possibility certainly exists that some of this trichloroacetic acid solu- 
ble fraction was due to proteolysis of hepatie protein ; however, the fact that the 
fraction went to low or undetectable levels in the low-substrate experiments 
appears to be a strong confirmation of the view that it is not proteolytic in 
origin, since the amount of hepatic protein available as a proteolytic substrate 
was essentially the same in both instances and since all conditions were similar 
except for the perfusate amino acid concentrations. If the experimental tech- 
nique resulted in large-scale aggregate proteolysis, as in liver mince or liver slice 
preparations, the trichloroacetic acid soluble fraction would have remained at 
approximately the same level in both types of experiments carried out. This 
was clearly not the case. 

In general, GH and insulin produced opposite effects on the chemical in- 
dices measured, and their combination produced intermediate results. How- 
ever, as there is evidence of insulin elaboration with GH administration in the 
intact animal'*; and since insulin appears necessary in most circumstances" 
for a positive nitrogen balance, some of these intermediate responses of the 
perfused liver may be consistent with a maximal anabolism in the intact animal. 
The increased peripheral uptake of amino acids and glucose which insulin is 
known to induce could conceivably provide the conditions necessary for maximal 
anabolic and anticatabolie effects of growth hormone. 


SUMMARY 


The effects of GH and insulin upon the metabolism of perfused rabbit liver 
are altered considerably by changes in the perfusate amino acid levels. Thus, 
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with physiologic levels of amino acids and in contrast to the ‘‘high-level’’ experi- 
ments: 


1. GH no longer decreases urea production, but actually increases it. 

2. Insulin decreases urea production. 

3. GH produces a rising amino acid level, and insulin produces a falling 
amino acid concentration. These effects are directionally in agreement with the 
high-level results; however, the low-level GH curve ascends to a plateau while 
the high-level GH curve descends to its plateau. 

4. Both GH and insulin-induced C™ perfusate protein activity were much 


closer to control levels than in the presence of high alpha amino nitrogen con- 
centrations. 


5. The directional effects of both hormones on perfusate glucose concentra- 
tions were independent of amino acid concentration, insulin causing hypergly- 
cemia and GH hypoglycemia. These effects on the isolated liver are directly 
opposite to those seen following the administration of these hormones to intact 
animals. 

6. The results indicate that GH increases amino acid and protein turnover 
rates with low-substrate levels, while decreasing them with high levels. In 
contrast, insulin acts to slow amino acid and protein turnover at low alpha amino 
acid levels, and speed it (relative to both GH and controls) at high levels. 
Various facets of this interesting relationship are discussed. 
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STUDIES ON THE RESPIRATION OF HEART MUSCLE IN VITRO 
Witu Special REFERENCE TO THE Errect OF OXYGEN CONCENTRATION 


Ernst Pescue., M.D., anp M.A. 
Durnam, N. C. 


HE manometric method of Warburg was used to measure the basal respira- 

tory rate of heart slices. In a subsequent series of experiments, the effect 
of oxygen concentration on the respiratory rate was studied. The oxygen 
consumption of the heart slices was found to be dependent upon oxygen con- 
centration. This dependence could be due to the sensitivity of the individual 
cell to a lowered oxygen concentration, or to the insufficient diffusion of the 
oxygen within the heart slice. A third series of experiments studied this prob- 
lem. 

No definite values are established for the metabolism of heart muscle as 
far as the basic metabolic reactions of respiration and glycolysis are concerned. 
The rate of respiration of normal rat heart muscle slices is supposed to vary 
considerably from animal to animal. Data in the literature, relatively scarce 
considering the importance of the subject, reveal variations of Qo.* for rat 


heart slices from 4.7' to 21.4* under apparently similar conditions. Average 
Qoz values are reported as 4.9,’ 10.0,° 7.9,* 12.5,° 5.0,° and 12.8." However, heart 
muscle like any other living tissue must have a basal metabolism which should 
be expected to have a definite level. One group of investigators reported aver- 
age values for ventricle and auricle separately as 7.8 and 15.7, respectively,’ 
but this difference was not found by other workers® nor in our preliminary 
experiments. 


METHODS 


Adult rats of Osborne-Mendel strain, which had been fed Purina Dog Chow and tap 
water ad libitum, were killed by a blow on the head and decapitation. The heart was 
removed immediately and placed in oxygenated Ringer-glucose solution modified as de- 
seribed below. Slices, prepared from the ventricles using a Stadie-Riggs slicer, were kept 
in oxygenated incubation medium until slicing was finished and immediately transferred 
into the Warburg vessels. Trimming and all manipulations were kept at a minimum. 
The total period from killing the animal until the vessels started shaking in the constant 
temperature bath lasted 7 minutes, 

Kidney, liver, and spleen slices were handled in the same manner. Diaphragm was 
removed in toto from young rats weighing 30 to 50 grams; the two sides of the diaphragm 
were separated from the connective tissue by cutting with a scissors. 
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Each vessel contained 2 ml. of the modified Ringer’s solution described by Levy.® 


Its composition is: Na 152.4, K 4.8, Ca 1.7, Mg 1.8, Cl 127.6, SO, 1.8, and PO, 31.3 mEq./ 


L.; glucose 0.01 M; pH 7.2. Respiration was measured by the direct method of Warburg, 
with 0.2 ml. of 10 per cent KOH in side arm or center cup of the vessel. The gas phase 
was 100 per cent oxygen, mixtures of oxygen with nitrogen, or air. 
After saturation with gas for 5 minutes the vessels were equilibrated for 10 minutes. 

The rate of shaking was 160 oscillations per minute. The readings, started 22 minutes 
after the death of the animal, were done at 10-minute intervals. 
The approximate thickness of the slices was determined from wet weight and surface 

The slices were weighed after drying, and the wet weight was assumed as 4 times 
the dry weight for heart and 5 times the dry weight for the other tissues, ratios which, 
in preliminary measurements, were found to be very constant. 
was calculated on the basis of the dry weight of the tissue. 


area, 


The oxygen consumption 


Lactic acid determinations were done according to the method of Barker and Summer- 
son.8 In order to estimate the lactic acid production of successive periods, slices were 
ineubated for varying intervals of time; values for the later periods were obtained by 
subtracting the values found for shorter periods from those found for longer periods. It 
is realized, of course, that this method gives more the general trend than quantitative 
accuracy. 


No experiment was excluded except for obvious technical deficiencies. 


RESULTS 


Respiratory Rate of Rat Heart Muscle Under Optimal Conditions.—Oxygen 
consumption was relatively constant for 2 hours. 


lated on the basis of the first 30-minute period was considered to represent 


The respiratory rate caleu- 


the true resting metabolism of the heart slice and was used throughout. In 


279 experiments in 100 per cent oxygen, the average basal respiratory rate of 

heart slices not exceeding 0.5 mm. thickness was 17.4 + 3.0. Variations from 

experiment to experiment were not excessive as is apparent from the standard 

deviations. Multiple slices from the same heart in the same experiment showed 

very similar respiration rates provided the condition of the slices was compar- 
Some examples are listed in Table I. 


able. 


TasLe I. Resprratory Rare or Rar Heart Muscie: COMPARISON OF Q,, OF SEVERAL SLices 
PREPARED FROM THE SAME HEART 
(Measured in 100 per cent oxygen) 
SLICE: 1 2 3 4 5 6 
Rat 1 17.8 17.5 18.4 16.4 18.4 17.4 
Rat 2 15.9 14.4 14.3 7.2 15.7 15.2 
Rat 3 17.0 17.6 16.4 17.8 16.6 16.8 


Effect of Oxygen Concentration on Respiratory Rate of Heart Muscle.—lf 
the respiration of heart musele slices is measured in air instead of pure oxy- 
gen, the rate is considerably lower. In 233 experiments, the average basal 
respiratory rate of heart slices not exceeding 0.5 mm. thickness was 9.9 + 1.9. 

Average Qo. values for heart slices at various oxygen concentrations are 
listed in Table IT. It is apparent that the respiratory rate is constant between 
100 and 60 per cent oxygen, and decreases progressively from 50 per cent 
downward. In 10 and 5 per cent O,, average Qo, values of 6.1 and 2.6, respee- 
tively, were found. However, in order to secure adequate diffusion, these low 
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oxygen concentrations require such extremely thin slices that the condition of 
the slices is inadequate. The slice technique was, therefore, considered to 
be unsuitable for studies of the effects of oxygen concentrations lower than 
that in air, and such experiments have not been ineluded in this paper. 


TABLE IT. 


Respiratory Rare or Rar HEART SLICES AT VARIOUS OXYGEN CONCENTRATIONS 


; O,: | 100% | 80% | 60% | 50% | 40% | 30% | 21% 


Number of experiments 279 35 35 24 20 31 233 
Qo: (averages ) 17.4 18. 16.9 14.7 12,2 11.6 9.9 
Standard deviation +3.0 +2.7 +2.6 +1.8 +1.9 +1.9 +1.9 
P: (as compared to 

Qo: in 100 per cent 
_O, ) >0.05 >0.05 <0.01 <0.01 <0.01 < 0.01 


In order to compare the effect of reduced oxygen concentration on heart 
muscle slices to that on other tissues, the respiration of rat kidney, liver, and 
spleen slices and of diaphragm was examined in 100 per cent O, and in 21 
per cent O,. The thickness of the slices and of the diaphragm was correspond- 
ing to that of the heart slices (average: 0.41, range: 0.31 to 0.50 mm.). 
Table III shows that the effect of the same reduction in oxygen concentration 
on tissue slices of the same thickness is considerably greater in heart muscle, 
kidney, and diaphragm than in liver and spleen. 


TABLE III. Errect or Repucep OxyYGEN CONCENTRATION ON THE RESPIRATORY RATE 
or Various Rat TIssvEs 


m 
AVERAGE AND 8.D.* | DECREASE 


{00 PER CENT 0, 21 PER CENT 0, | PER CENT | 
Heart 17.4 + 3.0 44 <0.01 
(271) 2 
Kidney 18.0 + 1.4 oe 2 1. <0.01 
(43) 
Liver 79 + 1.0 2 2 0. <0.01 
(17) 
Spleen 111 G2 21. <0.01 
(18) 
Diaphragm 9.1215 8 t 0. <0.01 
(30) 


*The number in parantheses indicates the number of experiments. 


Is Diffusion the Limiting Factor?—There is a decreased oxygen uptake 
with lowered oxygen concentration, as shown in Table III for heart, kidney, 
liver, spleen, and diaphragm. Heart, kidney, and diaphragm exhibit a greater 
decrease than liver and spleen. These results suggest that diffusion may not 
be the only limiting factor, and that a direct dependence of these tissues on 
oxygen concentration may exist. 

This question was examined in two ways. If the lower Qo. under con- 
ditions of reduced oxygen concentration is due to inadequate diffusion, then 
part of the cells are under anaerobie conditions. Anaerobic glycolysis (lactic 
acid production) ean be determined by measuring lactate concentration in the 
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suspension fluid. The determinations showed that, with decreasing oxygen 


concentration and decreasing Qos, the lactate concentration increased (Table 
IV). 


TABLE IV. Lactic Actp Propuction By HEART SLICES IN 100 PER CENT OXYGEN AND IN AIR 
(Calculated for Successive Periods of Incubation and Expressed as 60-Minute Production) 


LACTIC ACID 
PRODUCED BY 1 MG. (DRY) TISSUE 
PERIODS OF INCUBATION 100 PER cENT O, | 21 PER CENT O, 
( MINUTES ) | (AVERAGES OF 10 EXPERIMENTS) (AVERAGES OF 10 EXPERIMENTS) 

0-7 76 76 
7-12 6 44 
12-17 0 34 
17-27 0 16 
27-37 0 25 
37-47 0 36 
47-70 0 17 


The results were grouped according to the thickness of the slices (Table 
V). Experiments with slices thicker than 0.5 mm. were added which were 
not included in the ealeulations of Qo. averages listed above. The maximal 
slice thickness, which is compatible with optimal respiration at a given oxygen 
concentration, can be caleulated according to Warburg’s formula.® The use 
of this formula would define the limiting thickness in our experiments as fol- 
lows: 0.48 mm. for 100 per cent O,; 0.387 mm. for 80 per cent O,; 0.33 mm. 
for 60 per cent O,; 0.383 mm, for 50 per cent O,; 0.52 mm. for 40 per cent O.; 
0.29 mm. for 30 per cent O,; and 0.26 mm. for 21 per cent O,. This theoretical 
consideration might not be fully applicable to heart slices'® because of the 
particular anatomie structure of this tissue. 


TABLE V. 


INFLUENCE OF SLICE THICKNESS ON OXYGEN CONSUMPTION OF RaT HEART MUSCLE 
AT VARIOUS OXYGEN CONCENTRATIONS 


THICKNESS OF OXYGEN (PER CENT) 

SLICES (MM.) | 100 | 80 ] 60 50 | 40 30 Ss sae 
0.18-0,30 17.2 18.7 19.1 15.0 us. ws 
0.31-0.40 17.5 16.6 17.5 15.3 11.3 11.2 10.4 
0.41-0.50 17.3 18.8 16.6 14.6 12.3 11.9 9.3 
0.51-0.60 16.3 17.7 15.6 14.3 13.6 11.4 8.8 
0.61-0.70 15.9 15.3 14.9 14.5 10.9 10.3 8.5 
0.71-0.80 15.7 17.1 15.3 13.1 6.9 
0.81-0.90 14.2 
0.91-1.00 10.2 12.7 9.0 


1.01-1.24 


9.1 


A comparison of the vertical columns of Table V with the calculated 
limiting thicknesses as listed in the preceding paragraph shows that there is 
a correlation between the limiting thickness for each oxygen concentration 
and the point where the Qo. starts to decrease, except for some groups in low 
oxygen concentrations, 

It is concluded from these observations that insufficient oxygen diffusion 
is responsible for the reduced oxygen consumption which is found in heart 
slices under the influence of reduced oxygen concentrations. 
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DISCUSSION 


Tissues in vitro are under conditions different from those in vivo, no 
matter how closely the in vivo situation is simulated. The resting state of a 
slice in vitro is particularly abnormal for the heart muscle which, in vivo, 
never rests. The metabolism of the irritable heart musele tissue might be 
altered by the preparation of slices. It has been stated that heart slices are 
not suitable for metabolic studies.'' The wide variation of Qo. found in the 
literature seemed to support this theory. Our investigations showed that the 
slice technique is applicable for the measurement of heart muscle metabolism 
provided the experimental conditions are optimally standardized. 

The average Qo. of 17.4, which we found with optimal oxygen supply and 
diffusion and with an optimal condition of the slice, is higher than most values 
reported in the literature although occasional figures of 17,'* 18,*° or 21° oceur. 
The explanation lies most probably in the condition of the slices and in the 
composition of the suspension fluid. We used a single slice with a weight, 
after drying, of 5 to 7 mg. whereas, for example, in the investigations result- 
ing in a Qos average of 12.5,° 3 or 4 slices with a total dry weight of 3 to 5 
mg. were used. It is obvious that in these experiments the ratio of damaged 
surface cells to undamaged cells in the inner part of the slices is high. We 
obtained similar results when slices of similar condition were used. 

Cooling of the tissue before and during the slicing procedure has been 
recommended by a number of authors as being essential.'* We did not apply 
it because, in preliminary experiments, no difference was apparent in the 
initial respiratory rate whether whole heart and slices were not cooled at all 
or were cooled in the icebox for varying periods up to 30 minutes. After more 
than 30 minutes’ cooling, the respiration was depressed from the beginning, 
and even after 5 minutes’ cooling, a progressive decline of the respiratory rate 
was found. 

It has been shown before that the metabolism of heart tissue in vitro is 
very sensitive to anoxia,” * and it has also been mentioned that its respiration 
is more inhibited than the respiration of other organs.’* ‘7 Our results are in 
agreement with these observations. 


A direct effeet of oxygen concentration upon cell respiration would be in 
contrast to the all-or-nothing axiom of Warburg'® and Meyerhof.’® They 
assumed that the rate of respiration of cells is maximal as long as any oxygen 
is available. It has been shown by Kempner*’** that this is not the ease. 
Thus, in the course of the present experiments, it was not considered impossible 
that the oxygen consumption of cardiac muscle might be directly dependent 
on oxygen concentration per se. However, it was seen that the apparent 
dependence was caused by insufficient oxygen diffusion into the tissue. 

It might be of interest to compare the Qo. values obtained from slices of 
hearts in vitro with the oxygen consumption of the whole heart. Various 
methods have been applied to estimate the oxygen consumption of the whole 
heart or the left ventricle in experimental animals and man. Some Qo» values, 
caleulated in the same manner as in our experiments, are: 14 for heart-lung 
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preparation of dogs**; 21 for whole heart of morphinized dogs**; 23 for that 
of anesthetized dogs*®; varying between 23 and 58 for that of unanesthetized 
dogs**; 19 for left ventricle of man®*?; and 18 and 21 for whole heart of 
These figures refer to the beating heart; the value for the resting 
tissue must be expected to be lower. 


20 


man,** 


SUMMARY 


1. The question whether the manometric methods of Warburg can be used 
for studies of heart muscle metabolism has been re-evaluated. It is coneluded 
that the slice technique is applicable provided the experimental details are 
optimally standardized. 

2. The basal respiratory rate (Qo2) of normal rat heart muscle under 
optimal conditions regarding oxygen supply, diffusion, and state of the slices 
was found to be higher than most values reported in the literature. In 279 
experiments, it averaged 17.4, with a standard deviation of + 3.0. 

3. With lower oxygen concentrations, the Qo. decreases. In 80, 60, 50, 
40, 30 and 21 per cent oxygen, the average Qo. values were 18.2, 16.9, 14.7, 12.2, 
11.6, and 9.9, respectively. 


4. Heart slices, as well as kidney slices and diaphragm, showed a greater 
dependence on oxygen concentration than liver and spleen slices. 


5. The question whether the apparent dependence of the respiratory rate 
on oxygen concentration is due to the effect of the oxygen concentration per se 
or to gas diffusion, has been studied. It is concluded that insufficient oxygen 
diffusion in the tissue is responsible. 
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EFFECT OF DIGITALIS GLYCOSIDES ON THE OXYGEN 
CONSUMPTION OF HEART MUSCLE IN VITRO 
Ernst Pescuer, M.D., CLoTILDE ScHLAyErR, Px.D. 

Duruam, N. C. 


HE specific action on the heart of the glycosides of the digitalis group is 

clear from the clinical point of view, but the mechanism of this action is 
still obscure. Changes in cellular metabolism must occur, of course, but little 
is known in regard to this. 

Increase in oxygen consumption is a change that might logically be ex- 
pected. But it is not definitely established whether cardioactive glycosides 
increase the oxygen consumption, or the utilization of substrates, by the heart 
muscle cells. It is widely assumed that they do not. In recent studies on the 
whole heart in vivo, applying coronary sinus catheterization techniques, no 
significant difference in oxygen consumption or pattern of substrate utiliza- 
tion was found between the normal and the failing heart’ * and between the 
digitalized and the nondigitalized heart.’ It was concluded that apparently 
the production of energy is not different but that the available energy might 
be differently utilized because of changes in the contractile proteins of the 
heart musele.*? The problem is still one of cellular metabolism, and it appears 
that further studies using the manometric methods of Warburg should be 
made. 

The results obtained by manometric measurements of the effeet of digi- 
talis glycosides on myocardial metabolism had been summarized up to 1949, 
and they showed that there was undoubtedly an increase in oxygen consump- 
tion under the influence of these agents.‘ Stimulation of respiration, followed 
by depression, was again described in 1950.° On the other hand, it was re- 
ported in 1951° that no significant increase could be found, and, in 1953,7 that 
an inerease was demonstrable but only after depression of the original respira- 
tory rate by preineubation or by treatment with barbiturate. In 1956, it was 
stated once more that the reports on oxygen consumption measured with 
Warburg's methods are conflicting.’ 

In view of these discrepancies, and based upon experiences with heart 
slices reported in a preceding paper,’ the problem was re-examined to see 
whether an inerease of oxygen consumption is associated with the action of 


From the Department of Medicine, Duke University Medical Center, Durham, N. C. 


This investigation was supported by grants from the National Heart Institute of the 
National Institutes of Health, U. 8. Public Health Service (H 2788), from the Anna H. Hanes 
Memorial Fund, and from the Walter Kempner Foundation. 


Received for publication Feb. 27, 1958. 
417 


. 
a 


418 PESCHEL AND SCHLAYER J. Lab. & Clin. Med 


September, 1958 


digitalis glycosides on heart muscle in vitro, and whether a difference could 
be demonstrated for the action of these substances on heart muscle as com- 
pared to other muscle. 


METHODS AND MATERIAL 


Details of the methods applied are the same as described in the previous paper.® 
Rats of the Osborne-Mendel strain were used. The digitalis preparations were strophanthin 
G (Ouabaine, Arnaud) and desacetyllanatoside C (Cedilanid, Sandoz), commercially sup- 
plied in ampules containing 0.25 mg. in 1 ml, and 0.8 mg, in 4 ml, respectively. Suspen 
sion fluid was the modification of Ringer’s solution deseribed by Levy,® with 0.01 M 
glucose. Care was taken that the concentration of the suspension fluid was adjusted in 
case of admixtures so that the final ionie composition remained unaltered, All experi- 


ments were done with the direct method of Warburg, using 100 per cent oxygen as the 
gas phase. Readings were taken at 10-minute intervals, usually over a two-hour period. 
Beeause of the fluctuations in the basal respiration of heart muscle in vitro which had 
been observed from heart to heart but much less from slice to slice of the same heart,§ all 
studies of the digitalis effect were done with simultaneous controls using slices from the 
same heart. Each individual Qo, value was derived from duplicates or triplicates. 


RESULTS 
A representative experiment concerned with the aetion of ouabain on 


the oxygen consumption of heart slices is described in Table 1. Qo, indicates 
mm.* oxygen consumed in one hour by 1 mg. dry weight of tissue. 


TABLE I. 


ACTION OF OQUABAIN ON OXYGEN CONSUMPTION OF HEART SLICES: 
INDIVIDUAL EXPERIMENT 


PROTOCOL OF AN 


NO OUABAIN OUABAIN (50 y/ML.) 
Slice l 2 3 | 4 
Dry weight (mg.) 5.3 4.5 5.5 4.4 
Thickness (mm.) | 0.50 0.42 | 0.48 0.50 
Qo, (caleulated from 30- 1 17.1 17.2 20.8 21.0 
minute periods) eA 16.5 16.9 20.1 19.9 
3 | 16.8 17.0 18.7 21.8 
4 | 17.1 17.0 18.4 19.7 
Average (period 1) ie 17.2 20.9 
Per cent change by ouabain | +21.5 per cent 


The effects of various dosages of ouabain are listed in Table I]. An 
ouabain concentration of 2.5 y/ml. (3.3 x 10° M) was without any effect; a 
concentration of 5 y/ml. (6.6 x 10°° M) caused a slight stimulation. In the 
range from 10 to 50 y/ml. (1.8 to 6.6 x 10° M), a significant stimulation of the 
oxygen consumption was found, increasing with dosage. It decreased or dis- 
appeared frequently after the first hour of ineubation. This stimulation 
varied insofar as, at each dosage level, there were a number of instances where 
the tissue did not respond to the glycoside. These experiments are included in 
the caleulation of averages listed in Table II. A dose of 100 y/ml. (1.3 x 
10-* M) did not stimulate; it had a depressing effect in half of the cases. 

For comparison, the effect of ouabain had been studied on the oxygen 
consumption of diaphragm and of kidney and liver slices. The dose max- 
imally inereasing the Qo, of heart muscle (50 y/ml.) had a slightly depressing 
effect on kidney and liver respiration (Table III) which was statistically sig- 
nificant in the case of liver. 
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The effect of ouabain on diaphragm was studied more extensively in order 
to compare striated skeletal muscle with heart musele. There was a de- 
pressing effect on the oxygen consumption of diaphragm, increasing with the 
dosage of ouabain (Table IV). This depression was persistent and, in higher 
dosages, progressive. 


TABLE II. Action OF OUABAIN ON OXYGEN CONSUMPTION OF HEART SLIcES: EFFECT OF 
VARIOUS OUABAIN CONCENTRATIONS 


Qo, 

SIGNIFICANCE 
OUABAIN NUMBER OF WITHOUT WITH CHANGE OF CHANGE 
(y/ML.) | EXPERIMENTS OUABAIN OUABAIN (PER CENT) (P) 


2.5 ( of 17. 0 
+0 « 


DOSAGE OF | } AVERAGES AND S.D. 


> 0.5 
< 0.01 
< 0.01 


< 0.01 


05 >p> 04 


TapLe ILL. Eerect or OUABAIN ON OXYGEN CONSUMPTION OF KIDNEY AND LIVER SLICES 


Qo, 


SIGNIFICANCE 
oF WITHOUT WITH CHANGE OF CHANGE 


NUMBER AVERAGES AND S.D. 


| EXPERIMENTS OUABAIN OUABAIN (PER CENT) | (P) 


Kidney 9 | 18.6 18.0 3 0.3 >p>02- 
+0.9 +11 
Liver 9.3 8.0 0.05 Sp S 0.02 
+1.0 


TaBLeE IV. Erreet of OUABAIN ON OXYGEN CONSUMPTION OF DIAPHRAGM IN VITRO 


Qo, 


SIGNIFICANCE 
OUABAIN | NUMBEROF | WITHOUT | WITH CHANGE OF CHANGE 
(y/ML.) | EXPERIMENTS | OUABAIN OUABAIN (PER CENT) (P) 
0.01 | 11.6 } 
| +1.5 


0.02 2 9.8 S 0.5 
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As a representative of cardiae glycosides other than ouabain, Cedilanid 
was used on heart slices and diaphragm. It had, in comparable concentra- 
tions, very similar effects on diaphragm; on heart, the effect was similar in 
principle but different in regard to concentrations (Table V). 


TABLE V. COMPARISON OF EFFECTS OF OUABAIN AND CEDILANID ON OXYGEN CONSUMPTION OF 


HEART AND DIAPHRAGM IN VITRO 


GLYCOSLDE CONCENTRATION 
(Y PER ML. OF SUSPENSION CHANGE IN OXYGEN CONSUMPTION (PER CENT) 
FLUID) HEART SLICES | DIAPHRAGM 


OUABAIN CEDILANID OUABAIN CEDILANID OUABAIN CEDILANID 


4 21 
8 


-21 
16 


DISCUSSION 

Oxygen consumption of rat heart slices was stimulated by digitalis 
glycosides in the dosage range of 10° M. This is in agreement with those former 
reports in which an effect had been described.* *?* The doses are high com- 
pared with the dose known to be effective in human patients; on a tissue-weight 
basis (y per 100 mg. wet tissue), it is 3,000 times as much. However, the tol- 
erance of animals to drugs cannot be compared quantitatively with those of 
human patients. The typical action of atropine in the rat, for instance, is 
produced by 100,000 times the dosage active and tolerated in man."* In regard to 
digitalis glycosides, the rat is known to have a high resistance; doses like 
those applied here in vitro have been tolerated well by living rats* ''; the LDs5o 
dose is 5 to 10 times higher than the dose used in the present experiments."* 

Such a difference in the dosage required to elicit a certain response does 
not invalidate either the observations, or attempts to transfer them from an- 
imal to human tissue. However, the question has been frequently raised 
whether results obtained in vitro ean be applied to the situation in vivo, in 
particular whether the action of ecardiae glycosides on heart slice respiration 
in vitro is of relevance with regard to the action on the beating heart in vivo. 
This question has been answered affirmatively by Wollenberger,* on the basis 
of literature data and his own observations. 


A glycoside concentration of the order of 10°* M seems to represent the 
border line between stimulating and toxie action on rat heart slices. A stimu- 
lation was observed by one group of investigators,’ inhibition by another," 


and, in the present set of experiments, stimulation was found in some and de- 
pression in other experiments, 
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The selective affinity of digitalis to heart muscle and the possibility 
of demonstrating this in vitro is strongly emphasized by the present experi- 
ments. Not only is there a stimulation of the oxygen consumption of heart 
slices which was not seen in the other tissues tested, but the oxygen consump- 
tion of other tissues is depressed by digitalis glycosides. This is most pro- 
nounced and of particular interest in the ease of diaphragm where a statis- 
tically significant depression was found down to a glycoside concentration 
‘soo Of that which stimulates the oxygen consumption of heart slices. 

The depression by digitalis glycosides of the oxygen consumption of tis- 
sues other than heart, particularly of skeletal muscle, is an indication of 
temporary cell damage. This might explain the observation that digitalis in 
man in therapeutic dosages mobilizes intracellular potassium without effect 
on the sodium and potassium balance of the heart—a finding that had been 
interpreted as suggesting potassium liberation primarily from extracardiae 
tissues.?® 

The condition of the slices which are used for experiments like those dis- 
cussed here is of decisive importance. Homogenized or minced heart tissue does 
not show an effect of digitalis glycosidest; the structure of cells must be 
intact to evoke any change in oxygen consumption. One of the characteristics 
of unsatisfactory slices is that an undue number of cells is structurally dam- 
aged. The difficulties in obtaining satisfactory slices from heart tissue prob- 
ably explain the conflicting results reported on manometric measurements of 


myocardial metabolism, including the effect of digitalis glycosides on oxygen 
consumption. 


SUMMARY 

Digitalis glycosides stimulate the oxygen consumption of rat heart slices 
by 12 to 19 per cent. The effective concentration is in the order of 10-° M. 

The oxygen consumption of other tissues, such as kidney and liver, is 
not stimulated but slightly depressed by corresponding concentrations of the 
glycoside. 

The oxygen consumption of diaphragm, an example of striated skeletal 
musele, is depressed by even very small concentrations of digitalis glycosides. 
The depression, increasing with dosage, is considered an indication of temporary 
cell damage. This might explain the liberation, by therapeutie digitalis doses 
in man, of intracellular potassium without effect on sodium and potassium 
balance of the heart. 

It is suggested that the conflicting results reported on manometric 
measurements of the effeet of digitalis glycosides on heart are due to the 
difficulties in obtaining satisfactory slices from heart tissue. 
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DIURETIC EFFECTS OF CHLOROTHIAZIDE IN TOXEMIA 
OF PREGNANCY 
N.S. Assault, M.D., L. Jupp, B.S., N. Monpz, B.A., anp K. Dascupra, M.D. 
Los ANGELES, CALIF. 


Wirth THE TECHNICAL ASSISTANCE OF M. Ross AND L. FRIEDMAN 


NIMAL experiments" * have shown that chlorothiazide (6-chloro-7-sulfamyl- 
1,2.4-benzothiadiazine-1,1-dioxide) inhibits renal reabsorption of sodium and 
chloride and inereases their excretion together with water. In vitro, this 
compound acts as a earbonie anhydrase inhibitor, but in vivo, unless large 
doses are employed, such an action is not clearly evident since bicarbonate in 
blood and urine is slightly altered while chloride is the main anion excreted.’ 
These properties prompted investigators to explore the usefulness of this 
drug in the management of edematous states. The reports have indicated 
that oral administration of chlorothiazide in doses varying between 250 to 
2,000 mg. daily is followed by weight loss and inereased excretion of water, 
sodium, chloride, and, to a certain extent potassium.** Some authors have sug- 
gested that the drug is also of some benefit in the treatment of hypertension either 
because of the synergistic effect of other vasodepressor drugs or by virtue of 
its effects on sodium metabolism and of a true hypotensive action.” 


The present reports deals with studies of the diuretie and antihyperten- 
sive effects of the oral and intravenous administration of chlorothiazide to 
patients with toxemia of pregnancy. 


MATERIAL AND METHODS 


The studies were carried out on 15 pregnant subjects with toxemia of pregnancy. 
None of these patients had history of any previous cardiovascular renal disease. The 
diagnosis of this disease was based on the appearance after the twentieth week of gesta- 
tion of a persistent hypertension (over 140/90 mm, Hg), edema varying from 1 to 4 plus, 
and, in certain instances, proteinuria, No effort was made to classify these cases as 
having mild or severe toxemia since the criteria for such a classification have proved to 
be unsatisfactory. The ages of the patients varied from 20 to 36 years, and the duration 
of pregnancy varied from 24 to 38 weeks. All the patients were at bed rest in the hos- 
pital without any specific medication throughout the periods of study. 

The effects of oral chlorothiazide were studied on 11 patients; 10 were on a daily 
diet containing 85 mEq. and one on a diet containing 8.5 mEq. of sodium as sodium chloride. 
The studies comprised 3 consecutive periods, The first period lasted from 3 to 5 days 


and served as a control. During the second period, which lasted from 4 to 6 days and 
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followed immediately after the first, chlorothiazide tablets were administered in daily 
doses varying from 500 mg. to 2,000 mg. (8 to 33 mg./Kg. of body weight) divided into 
» 


2 doses per day. The third period served as a posteontrol (the recovery period) and 
varied from 3 to 4 days, Two patients had additional periods of 3 days of chlorothiazide 


treatment with double the dose used in the first period and 3 days of recovery, starting 
30 
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Fig. 1.—Data on blood and urine composition of one patient with toxemia of pregnancy 
who received two courses of chlorothiazide alternated with recovery periods. During the first 
course, electrolyte excretion increased while plasma electrolytes fell. <A typical electrolyte 
retention with a rise in plasma electrolytes occurred during the first recovery period. 
second course of treatment with double the first dose reinitiated the diuretic effects and pro- 
duced a marked fall in plasma electrolytes. During the second recovery period, sodium and 


chloride nearly disappeared from the urine while potassium continued to be excreted at a 
near control rate. 


on the second day of the first recovery period (Fig. 1). This experiment was designed 


to determine whether this drug would overcome the electrolyte retention which occurs 
upon cessation of therapy, and whether doubling of the dose would result in a greater 
increment of electrolyte excretion. 
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During all these periods, the patient’s weight and her fluid intake and output were 
recorded daily, Blood pressure (sphygmomanometer) and pulse rate were recorded 4 
times a day by the same observer while the patient was recumbent in bed, Daily ar- 
terialized blood samples were drawn under oil without stasis from a superficial antecubital 
vein after soaking the arm in warm water for 10 to 15 minutes, Blood collected in this 
way is closer to arterial blood and, therefore, gives better pH and CO, values than true 
venous blood. Twenty-four hour urine specimens preserved with toluene were collected 
throughout the study and served for analysis of electrolytes. For the determination of 
urinary pH, ammonia, and titratable acids, a catheterized specimen was obtained under 
oil at the same time each day. The completeness of the urine colleetions in the 24-hour 
samples was checked by the creatinine excretion. 

The effeets of intravenous administration were investigated in 4 patients. The 
studies were performed in the postabsorptive stage with the patient lying in the re- 
cumbent position, A priming dose of inulin and para-aminohippurate (PAH), calculated 
for each patient according to her body weight, was injected intravenously and was fol- 
lowed by a constant infusion aimed at maintaining plasma levels of 200 mg. per liter of 
inulin and 30 mg. per liter of PAH. An equilibration period of 30 minutes was allowed, 
and then 3 to 4 thirty-minute control clearance collections were obtained. Thereafter, 
5 or 10 mg./Kg. of body weight of chlorothiazide (2 patients received 5 and 2 received 
10) were injected intravenously in a single dose over a period of 1 to 2 minutes and 3 
to 4 thirty-minute clearance collections were obtained. Two blood samples were with- 
drawn at the mid-point of each clearance period (one anaerobically for determination of 
pH and CO,), Urine specimens were collected under oil for determination of pH and CO,. 

Blood and urine pH, CO, content (CO, of the 24-hour urine specimens was not ana- 
lyzed), HCO,, Na, Cl, K, inulin and PAH, and urinary ammonia and titratable acids 
were determined by methods previously described.11 Osmolality of plasma and urine 
were determined by freezing point depression and osmolal and free water clearances were 
caleulated by the method of Smith,22 


RESULTS 

General Effects——In the doses given, chlorothiazide either orally or intra- 
venously was well tolerated by all the patients. Gastrointestinal disturbances 
were not observed even at oral doses as high as 2,000 mg. per day. 

The effects of oral chlorothiazide on blood and urine composition: Table I 
presents data obtained from a patient with toxemia of pregnancy who received 
1,000 mg. of chlorothiazide orally (500 mg. in the morning and 500 mg. in the 
afternoon) and a diet containing 85 mEq. of Na per day. The data on this 
patient will be treated as a typical example of a group of 6 out of 10 patients 
who responded in a similar manner. These 6 patients had pitting edema vary- 
ing from 2 to 4 plus. 


In this group of patients, the drug had no significant effects on blood pH 
although blood CO, content fell slightly. Plasma Na and Cl] did not change 
significantly whereas plasma K fell 1 to 1.4 mEq. per liter (Table I). 


On the first day of treatment, the excretion of Na and Cl more than 
tripled. Although on the second, third, and fourth day it fell somewhat, it 
was still higher than control values (Table 1). During the last day of the 
treatment period, the excretion of these ions had nearly returned to pre- 
treatment values. Upon cessation of therapy, a marked retention of Na and 
Cl occurred but the total amount retained during the 3 days of the recovery 
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period was far below the increment excreted during chlorothiazide admin- 
istration (Table 1). The exeretion of K also increased significantly through- 
out the period of treatment and returned to control values upon cessation of 
therapy (Table I). Urine pH and the exeretion of titratable acids and am- 
monia (not listed in Table 1) remained practically unchanged. 

Concomitant with the increase in electrolyte excretion, there was an in- 
crease in urine output and loss of weight (Table 1). However, the increment 
in urine flow was proportionally less than that of electrolyte exeretion. 

Fig. 1 illustrates data obtained from one patient who received 2 courses 
of chlorothiazide alternated with recovery periods. The data obtained during 
the first course of therapy will be taken as a typical example of the second 
group of 4 patients who responded in a similar manner. The edema in these 
4 patients was somewhat less than in the other 6 patients discussed above. 

The most striking difference between the response of these 4 patients and 
that of the other 6 represented by the patient in Table | was the change in 
plasma electrolytes. As depicted in Fig. 1, plasma Na, K, and Cl fell sig- 
nificantly during the first course of chlorothiazide therapy, despite the fact 
that the dose employed was the same. The increment in the exeretion of these 
ions observed during the first day of therapy was not significantly different 
from that of the other group, but the fall in their exeretion on subsequent 
days was somewhat sharper. The changes in blood pH and CO, content, as 
well as in urine pH and in the exeretion of ammonia and titratable acids were 
similar to those of the other group. 

During the 2 days of the reeovery period, a typical retention of electro- 
lytes occurred with a concomitant rise in plasma Na, K, and Cl. The admin- 
istration of another course of chlorothiazide in double the first dose resulted 
in another rise in electrolyte excretion which was of less magnitude than that 
observed during the first course. Plasma electrolytes fell considerably during 
the second course of treatment. Upon cessation of therapy, Na and Cl nearly 
disappeared from the urine while their coneentration in the plasma rose; the 
exeretion and plasma concentration of K returned to pretreatment levels. 


In this group of cases, there was also a rise in urine output and loss of 
weight, but here again the increment in urine flow was less striking than that 
of electrolyte excretion. 


Figs. 2, 3, and 4 present the mean exeretion of Na, Cl, and K for the 10 
patients who received 85 mEq. of sodium in the diet. The vertical bars rep- 
resent one standard deviation of the mean. In addition, Figs. 2 and 3 present 
the mean concentration of Na and Cl in the urine of these patients. In these 
figures, the values for the last day of the control period were taken as zero 
base line and the other values during the control, treatment, and recovery 
periods were plotted as changes (A values) from the last control day. In this 
way it was possible to average the data obtained from the various patients 
treated in the same manner. 

It is clear from these figures that the peak of electrolyte excretion oe- 
curred during the first day of the treatment period and that the response to 
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Fig. 2.—Mean excretion and concentration of sodium of the 10 patients who received 
85 mEq. of sodium per day. The vertical bars represent one standard deviation of the mean. 
The last control day was taken as zero base line and the values for the other days were 
plotted as changes (A values) from this base line. Note the marked increase in the excretion 
and concentration of sodium which occurred on the first day of therapy. Both exeretion and 
concentration declined progressively on subsequent days. During the recovery period, a 
striking sodium retention occurred but the quantity retained was far below the increment 


excreted during therapy. 
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Fig. 3.—Mea 
Fig. 2. Note the parallelism between the behavior of chloride and sodium. 
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the drug decreased progressively until the end of the treatment period. It is 
also evident that the major component in the changes in electrolyte excretion 
during the treatment and recovery periods was the change in their concentra- 
tion in the urine and not in the urine flow. The data also show that although 
potassium exeretion increased in all patients treated, chloride and sodium 
were the chief ions eliminated. 
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Fig. 4.—-Mean excretion of potassium (mEq. per day) of the 10 patients represented in 
period was less marked than that of sodium and chloride. 

Fig. 5 presents data from the patient who received a daily dose of 1,000 
mg. of chlorothiazide and a diet containing 8.5 mEq. of Na per day. A strik- 
ing fall in plasma electrolytes occurred promptly after the initiation of therapy 
and remained so throughout the entire treatment and recovery periods. Dur- 
ing these same periods, plasma CO, content and, to a certain extent, blood pH 
rose above control values. 

The excretion of Na and Cl increased significantly during the first day 
of treatment. Although on the second day the excretion of these ions had 
returned to pretreatment values, on the third, fourth, and fifth day of treat- 
ment it was definitely below control values. During the recovery period, these 
ions could hardly be detected in the urine. The excretion of K increased sig- 
nificantly during the first 2 days of therapy and remained above control values 
for the duration of the experiment. A continuous loss of weight occurred 
during the entire treatment and recovery periods. 


The effects of oral chlorothiazide on blood pressure and pulse rate: In the 
doses given and for the duration of the experiments, the drug did not have a 
significant vasodepressor action. A slight fall in blood pressure oceurred in 
4 patients but this fall could not be correlated with the periods of drug ad- 
ministration and, therefore, might have been due to bed rest alone. Similarly, 
the drug had no action on the pulse rate. 


= 
40 T 

“20 
-40 
-60 
2 8 10 12 


430 ASSALI, JUDD, MONDZ, AND DASGUPTA 
September, 195 

Dose-response relationship: Orally and in the range of dose utilized in 
these studies (500 to 2,000 mg. daily) it was difficult to establish a dose- 
response relationship. The effects observed after 2,000 mg. were not signifi- 
cantly different from those of 500 mg. 


mEq /liter 


TIME IN DAYS 


9 0 


1000 mg/dey 

Fig. 5.—Data obtained from one patient with toxemia studied while receiving a daily 
diet containing 8.5 mEq. of sodium. Note the marked decrease in plasma electrolytes which 
occurred during treatment and persisted after cessation of therapy. A certain degree of 
alkalosis occurred at the same time. The excretion of sodium and chloride increased for only 
one day after the initiation of treatment but progressively fell to extremely low values on 
subsequent days. However, potassium excretion increased and remained elevated throughout 
the entire experiment. Replacement therapy of electrolytes was not required in this patient. 


Effects of intravenous administration: Figs. 6 and 7 show data obtained 
from one patient who received a single intravenous dose of 10 mg. chlorothi- 
azide per kilogram of body weight. The other patient who received the same 
dose responded in a similar manner. 

The effects of intravenous chlorothiazide on blood pressure, renal plasma 
flow (PAH clearance), and glomerular filtration rate (inulin clearance) were 
not significant (Fig. 6). 

Osmolal clearance (Com) rose significantly after the injection of the drug 
and remained elevated for the duration of the experiment. Free water clear- 
ance (Cy,o) inereased during the first collection period after the injection of 
the drug but became negative during the 2 subsequent periods (Fig. 6). 
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Intravenous administration of 10 mg./Kg. of chlorothiazide evoked a 
tenfold inerease in the excretion of Na which became evident within the first 
40 minutes after the injection. The excretion of K nearly tripled. The ex- 
cretion of both ions was still elevated 90 to 120 minutes after the injection 
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Fig. 6.—Effects of 10 mg./Kg. of chlorothiazide intravenously on blood pressure, urine 
flow, renal plasma flow, glomerular filtration rate, and osmolal and water clearances in a 
patient with toxemia of pregnancy. Collection periods before and after drug injection were 
of 30 minutes each. Note the negligible effects on blood pressure, GFR, and RPF. Urine 
flow increased markedly in the first period but fell sharply in the 2 subsequent periods. 
Nevertheless, osmolal clearance rose and remained elevated throughout. Free water clearance 
increased in the first period but became negative thereafter. 

Fig. 7.—The effects of 10 mg./Kg. of intravenous chlorothiazide on urine pH, and on 
the excretion of ammonia, titratable acids, bicarbonate, total solutes, sodium, chloride, and 
potassium in the same patient as represented in Fig. 6. Note the striking increase in urine 
pH as well as in the excretions of HCOs-, total solutes, Na, Cl, and K. This increase persisted 
for the 3 periods after the injection despite the fact that the urine flow (Fig. 6) had fallen 


considerably after the first collection period. 
(Fig. 7). The exeretion of these cations was matched not only by an inere- 
ment in Cl exeretion as in the case of oral administration but also by HCO, 
since the exeretion of this anion increased from an average of 8 to an average 
of 424 »Eq per minuute (Fig. 7). Total solute excretion rose markedly after 
the injection and remained elevated for the entire experiment despite the 
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fact that the urine flow increased only in the first postinjection period (Figs. 6 
and 7). Urine pH rose from an average of 5.95 to an average of 7.14. The 
excretion of ammonia increased slightly during the first period after the drug 
injection but subsequently returned to control values and the excretion of 
titratable acids fell markedly throughout all of the postinjection periods 
(Fig. 7). 

The injection of chlorothiazide evoked a slight fall in plasma Na and K 
which was more evident during the first collection period; blood pH fell 0.01 
to 0.02 unit, and plasma CO, content fell 1 to 2 mEq. per liter. Plasma os- 
molality fell from an average of 284 to an average of 275 mOsm. per liter. 

In the dose of 5 mg. per kilogram of body weight the drug produced a 
smaller increase in Na and Cl excretion, but the exeretion of HCO, was far 
below that observed after the 10 mg. dose (Table Il). Urine pH increased 
from an average of 5.20 to 6.25. 

Neither the intravenous dose of 10 mg./Kg. nor that of 5 mg./Kg. had any 
acute effect on blood pressure (Fig. 6). 


TABLE IIT. COMPARISON OF THE Errects or 5 AND 10 Ma./Ka. or CHLOROTHIAZIDE 
VENOUSLY ON THE Excretion or Cl, HCO,, AND Na* 


COMPOUND | ‘PERIOD | 5 MG. j | 10 MG, 


Cl Control 50 
Treatment 5 1,038 
HCO, Control 8 
Treatment 424 
Na Control 200 
Treatment 1,300 1,727 


*The treatment values are those observed during the first period after the injection. 
Figures are in microequivalents per minute. 


DISCUSSION 

The present data show that chlorothiazide given orally or intravenously 
to patients with toxemia of pregnancy inereases primarily the exeretion of 
sodium, chloride, and potassium and secondarily the excretion of water. From 
the available evidence in animals and man,’ it appears that such an action 
is caused by inhibition of reabsorption of these ions by the renal tubules. 
The following factors speak in favor of this hypothesis: (1) the marked rise 
in concentration of these ions in the urine even when the urine flow remains 
the same or inereases slightly; (2) the absence of any significant change in 
glomerular filtration rate and, therefore, the filtered load of electrolytes; (3) 
the marked and persistent increase in total solute excretion along with the in- 
crease in osmolal clearance when the urine flow has returned to control values; 
and (4) the negative free water clearanee. All these factors tend to indicate 
that the increase in urine flow is secondary to an osmotie effect evoked by an 
increased elimination of an osmotically active solute. The excretion of water 
and solute would then lead to a loss of weight. 

Although the site of action of this drug is the renal tubule, the exact 
mechanisms of such an action are still obseure. Orally, in doses which were 
3 times those used intravenously, the drug did not seem to have any action 
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which would suggest carbonic anhydrase inhibition. Although HCO, exere- 
tion during oral administration was not determined, the lack of changes in 
urine pH and in the exeretion of titratable acids and ammonia coupled with 
the absence of any significant alteration in blood pH and CO, content speak 
against any striking carbonic anhydrase inhibition. These findings are in 
agreement with those reported in dogs and man after oral administration.’ 
However, when the drug is injected intravenously, there appears to be definite 
signs of carbonic anhydrase inhibition such as a certain degree of acidosis 
and a marked HCO, exeretion. <A possible explanation of the difference in 
action of the oral and intravenous route is that the latter rapidly delivers to 
the renal tubules a high coneentration of the drug which is sufficient to pro- 
duce a certain carbunie anhydrase inhibition whereas the oral route does not. 
This possibility receives further support from the fact that, whereas the drug 
did not show inereasing response with progressively increasing doses orally, 
doubling the dose intravenously resulted in a much higher increment in HCO, 
excretion. This would suggest that the ability of this drug to inhibit carbonic 
anhydrase depends on the immediate blood level reaching the renal tubules. 
These findings are in agreement with those of others.’ However, it should be 
realized that the action of this drug is more complex since despite its apparent 
carbonic anhydrase inhibition it still increases the excretion of chloride, a 
property not possessed by other true carbonic anhydrase inhibitors. 

The diuretie action of chlorothiazide, when given orally, is prompt and 
reaches its maximum on the first day of treatment. When injected intra- 
venously, maximum effect is observed within the first 30 minutes. In either 
instance, the effects of the drug become progressively less, even though in a 
number of cases some diuretic action was still present after the fifth day of 
treatment. Although the reasons for the progressively decreasing effects are 
not clear, two hypotheses could be offered to explain this finding. (1) Pro- 
gressive tolerance to the drug is developed soon after the first day of oral 
administration. The decrease in the diuretic action would then be due to a 
progressive diminution in the over-all effects of the drugs. Against this hy- 
pothesis speaks the fact that doubling of the dose in the same patient did not 
materially increase its effects. Furthermore, it is difficult to visualize the 
development of a tolerance to a drug immediately after the first day of treat- 
ment in patients who had never taken it before. (2) The second hypothesis 
is that in the patients to whom the drug was given, the stores of electrolytes 
and water available for excretion are somewhat limited. Under these cireum- 
stances, a large portion of these stores is excreted on the first day, but as the 
available stores become meager, the excretion of further quantities of eleetro- 
lytes become less and less. In favor of this hypothesis is the fact that a 
sharper decline in electrolyte excretion after the first day oceurred in the 
patients who had less edema than in those who had severe edema. Also, the 
patients who had a greater diminution in diuretic response had also a sig- 
nificant fall in plasma electrolytes during the periods of drug administra- 
tion which indicates a certain depletion of body electrolytes. Those who had 
a greater degree of edema had less or no fall in their plasma electrolytes. 
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The response to the drug of the patient who was studied while on a low- 
salt diet also favors the hypothesis of limited stores available for excretion 
as being one of the reasons for the progressively decreasing effects of the 
drug. In this patient, sodium and chloride excretion inereased for only one 
day and, thereafter, fell to or below control values despite continuation of 
therapy while potassium exeretion continued at a high rate (Fig. 5). Also, 
in this patient, plasma electrolytes fell considerably, indicating a severe de- 
pletion of her body electrolytes. All these factors seem to indicate that the 
drug may have greater and more persistent effect whenever the body fluids 
are expanded. In fact, this is true in the case of most of the diuretic agents. 
Nevertheless, chlorothiazide seems to affect plasma electrolytes more rapidly 
than other diureties in the presence of a low-sodium intake and in the absence 
of a large degree of edema. Under these circumstances the high excretion of 
potassium might lead to a severe hypokalemia. Although in none of our pa- 
tients symptoms of electrolyte deficiency were observed, this does not mean 
that they may not occur and affect the patient adversely if not properly cor- 
rected. 

In the present set of experiments, the drug seems to have a flat dose- 
response relationship curve when given orally since the effects of 2,000 mg. 
dose were not significantly different from those of 500 mg. However, it 
should be emphasized that the conditions of the experiment might have ob- 
seured the presence of a certain dose-response relationship. In the 2 patients 
who were studied during 2 periods of chlorothiazide treatment (one is rep- 
resented in Fig. 1) the stores of water and electrolytes might have been some- 
what depleted by the first course of treatment. Under these circumstances, 
doubling of the dose after a short drug-free interval would not materially 
increase the diuretic effects. The same problems of difference in available 
stores of water and electrolytes apply to the different patients who were stud- 
ied with different doses of the drugs. Moyer and his co-workers* have ob- 
served inereasing responses with increasing doses below 1 mg. per kilogram in 
dogs. Their data, however, show that increasing the dose from 1 mg. to 10 
mg. per kilogram results in only a slight inerease in response. At any rate, 
it appears that satisfactory results with minimal side effeets ean be achieved 
with any dose which falls between 500 and 2,000 mg. although variation in 
response to a given dose might occur from one patient to another. 

The absence of any significant action on the blood pressure is in disagree- 
ment with some reports on the effeets of this drug in hypertensive condi- 
tions.” *° A possible reason is that in our studies, chlorothiazide was given 
alone and the period of observation was relatively short. Those who have 
claimed antihypertensive action have usually used the drug with other vaso- 
depressor agents and for a longer period of time. Studies are now in prog- 
ress to assess the action of prolonged treatment with chlorothiazide alone or 
in combination with vasodepressor drugs on the hypertension of toxemia of 
pregnancy. 
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The retention of water and eleetrolytes which invariably occurs after 
cessation of therapy with chlorothiazide is peculiar to all diuretic agents. It 
seems to represent a homeostatic compensatory mechanism on the part of the 
organism to restore a part of the electrolytes lost during diuresis. The mech- 
anisms involved in this action are, however, obscure. Nevertheless, this 
homeostatic action should not preclude the use of this agent to remove edema. 
In our study the reeovery period lasted for 3 to 4 days and the quantity of 
electrolytes retained in this period was significantly less than the inerement 
exereted during therapy. Whether longer recovery periods would have re- 
suited in a greater electrolyte retention cannot be stated at this time. How- 
ever, it is possible, by adjusting the drug-free intervals, to keep the patient in 
a negative water and electrolyte balance even though some of the electrolytes 
lost during treatment may be recovered after cessation of therapy. Further- 
more, it is usually possible to reinitiate the diuresis when administration of the 
drug is reinstituted, 


SUMMARY AND CONCLUSIONS 


1. Studies on the diuretic effeets of chlorothiazide were carried out on 
15 patients with toxemia of pregnancy. 

2. Orally, in doses varying from 500 mg. to 2,000 mg. per day, the drug 
increased markedly the excretion of Na, Cl and to a lesser extent K, and water. 
Plasma electrolytes fell in 4 cases and remained unchanged in 6 others. When 
chlorothiazide was given intravenously, electrolyte excretion increased strik- 
ingly without significant changes in renal hemodynamies. 

3. Chlorothiazide seems to inhibit renal reabsorption of Na and Cl se- 
leetively, although when administered intravenously it gives evidence of renal 
‘arbonic anhydrase inhibition. 


4. The diuretic effects of the drug were more striking and more per- 
sistent in the patients who had a greater degree of edema and in the patients 
on a liberal salt intake. In these cases, depletion of body electrolytes did not 
occur, 


5. In the doses given orally or intravenously, the drug did not seem to 
have a true hypotensive action. 
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STUDIES ON THE RENAL CONCENTRATING MECHANISM 
I. RoLE or VASOPRESSIN 
LAWRENCE Ratsz, M.D.,* Wituiam McNerery, M.D., 
LAWRENCE Saxon, M.D.** 
Boston, Mass. 


URING dehydration the kidney conserves water by the excretion of hyper- 


tonie urine, At relatively low rates of solute excretion the renal coneentrat- 
ing capacity is considered to be limited by the osmotic urine/plasma (U/P) ratio, 
which in normal man attains a maximal value of about 4.2... This ability to ex- 
crete a concentrated urine has been considered to require the action of anti- 
diuretic hormone (ADH). Available data concerning the reproducibility of the 
maximum osmotie U/P ratio in the same subject or its constancy during pro- 


longed dehydration are limited. The present study was therefore undertaken 
in order to determine the variability of the maximum osmotie U/P ratio during 
moderate dehydration in man and to assess the possible relationship of ADH to 
observed variations in this function. Osmotic U/P ratios have been measured 
during dehydration and compared with values observed during the administra- 
tion of varying doses of vasopressin,t a purified extract of posterior pituitary 
gland which is presumed to act in the same manner as ADH. The renal responses 
to vasopressin in moderately dehydrated subjects have also been compared with 
those elicited in the same subjects after water loading. 


CHEMICAL METHODS AND CALCULATIONS 


Sodium, chloride, potassium, urea, and creatinine were determined in blood and 
urine by methods previously reported from this laboratory.2 Total solute concen 
tration (mOsm./Kg. of serum or urine water, ie., osmolal concentration) of serum 
and urine was determined ecryoscopically using a Fiske freezing point apparatus (Ad 
vanced Instruments, Needham, Mass.). Measurements of osmolality were reproducible 
to within 2 per cent. Glomerular filtration rate was estimated by the clearances 
of creatinine (Co,) and of inulin ((C;,).2 Urinary solute concentration and excretion 


Pp...’ ). Free 


From the Medical Service and Research Laboratory, Boston Veterans Administration 
Hospital, the Departments of Medicine, Boston University School of Medicine and Tufts Uni- 
versity School of Medicine, Boston, Mass. 

Received for publication March 17, 1958. 

*Present address: Veterans Administration Hospital, Syracuse, N. Y. 


**Postdoctoral Research Fellow, National Heart Institute, United States Public Health 
Service, Bethesda, Md. 


tA single lot of aqueous Pitressin was used: Lot M-1761-H, Parke, Davis & Company. 
This lot was derived from a mixture of hog and beef pituitaries. Material was kept in a re- 
frigerator and a fresh ampule was used in each experiment. Three bio-assays (U.S.P. XV), 
done at different times on this material, yielded an average potency of 17.2 pressor units per 
milliliter (range 16.5 to 18.7 units) and indicated that there was no decrease in potency dur- 
ing the study. The assays were performed by Mr. L. C. Rowe of Parke, Davis & Company at 
the request of Dr. D, A. McGinty, to both of whom the authors wish to express their gratitude. 
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water clearance (Cujo) was calculated from the rate of urine flow and the osmolal clear- 
ance as follows: Cy,o = V — Cosm- A positive value is thus a measure of the excretion of 
solute-free water, while a negative value indicates the volume of water which would be re- 
quired to dilute a given hypertonic urine to a concentration iso-osmotic with the plasma. 


1. STUDIES DURING PROLONGED DEHYDRATION 

Methods,—Three normal men (L. 8., L. R., and W. M.) and two hospitalized am- 
bulatory patients (R. H. and A. B.) with chronie skin conditions were studied while 
deprived of fluid intake for 32 to 62 hours. The 3 normal subjects continued their 
usual activities and ate dry diets of varied protein and salt content. Urine was col- 
lected at varying intervals. In order to minimize the possible influences of activity and dietary 
intake the 2 patients remained in bed throughout the period of study, rising only to void at 
intervals of approximately 3 hours, and ate a constant dry diet divided into roughly equal 
portions at 7 A.M., 12 noon, 6 P.M., and 11 p.M. The diet provided a minimum of 40 Gm. of 
protein and contained less than 500 Gm. of preformed water per day. 


RESULTS 
Although the degree of dehydration as measured by serum osmolality in- 
creased steadily throughout the period of ingestion of the dry diet in all sub- 
jects, there was no parallel steady increase in the osmotie U/P ratios of the 
normal subjects after the first 18 hours (Table I). In the 4 young subjects, 
whose ages ranged from 29 to 33 years, osmotie U/P ratios of greater than 4.0 
were achieved with values in individual periods varying from 3.2 to 4.6. The 


older subject (A. B., aged 56) did not achieve his maximum urinary concentra- 


tion until the period 21 to 24 hours after water deprivation was begun when 
osmotie U/P ratio was 3.6. Thereafter the U/P ratio remained fairly constant 
despite fluctuations in osmolal clearance and creatinine clearance. However, 
these fluetuations may have been due to errors in emptying the bladder. The 
study of R. H. is charted in Fig. 1. The lowest values for U/P ratio were 
obtained between the hours of 3 and 9 a.m. of the final day of dehydration in 
this subject, while the highest values oceurred at this time in other subjects. 
There was no consistent correlation between the fluctuations in osmotie U/P 
ratio and the changes observed in creatinine or osmolal clearances. Both elear- 
ances were lower during the last 12 hours in R. H., but the other young sub- 
jects showed only small and irregular variations. The variation in osmotic 
U/P ratio in these data could not be related to the proportions of total urine 
osmolality contributed by Na, K, Cl, or urea. 

2. STUDIES OF THE EFFECTS OF VASOPRESSIN IN DEHYDRATED SUBJECTS 

Methods.—Fourteen studies were performed on 3 normal men who had abstained from 
fluid intake for 18 to 22 hours. All studies on Subjects L. R. and W. M. were performed in 
the morning and those on Subject L. S. in the afternoon. After collection of control urine 
samples, venous blood samples were obtained and vasopressin was administered in various 
doses either by subcutaneous injection or by constant intravenous infusion, the latter being 
given in isotonic saline infused by means of a Bowman pump at a rate of 0.6 ml. per 
minute. A 30- to 90-minute urine collection was then obtained to assess any detectable 
effects of the administered vasopressin. 
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Fig. 1.—Effects of prolonged dehydration in a hospitalized subject without renal disease. 


Serum solute concentration (Posm, mOsm./Kg. HsO), osmotic U/P ratio, osmolal clearance 


(Cosm), and endogenous creatinine clearance (Cor) are shown. Water deprivation was begun 
at6Pp.M, *Part of urine specimen discarded. 
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Fig. 2.—Free water clearance (Cu,o) versus vasopressin dose in hydrated normal subjects. 
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RESULTS 
The maximum osmotie U/P ratio achieved after 18 to 22 hours of water 
deprivation varied between 3.6 and 4.3 in these studies (Table IL). The varia- 
tions could not be correlated with variations in serum solute concentration. 
After this period of dehydration vasopressin administration over a wide range 
of doses did not appear further to increase the osmotic U/P ratio. Actually 
two of the 3 subjects showed a consistent small deerease in osmotic U/P ratio 
after vasopressin administration. In most instances this decrease was aecom- 
panied by a rise in osmolal elearance. Creatinine clearance showed no econ- 
sistent changes after vasopressin administration. 


3. EFFECTS OF VASOPRESSIN IN REHYDRATED SUBJECTS 


Methods.—The effeet of vasopressin during rehydration was examined in the same sub 


jects and usually as a continuation of one of the experiments described in Section 2. After 
18 to 22 hours of dehydration an infusion was begun containing vasopressin and rehydration 
was accomplished by administration of an oral water load of 20 ml. per kilogram of body 
weight while vasopressin infusion was continued.* 


RESULTS 


The data given in Table III are average values for 2 to 4 collection periods 
after the water load had been given. Fig. 2 illustrates the relationship between 
(yo and vasopressin dose. When no vasopressin was given Cu.o was 10.3 to 
12.3 ml. per minute. During the infusion of 6 to 18 mu. per hour of vasopressin 
(y.o Was Inversely proportional to the vasopressin dose. In Subjeets W. M. 
and L. S., Cy.o was negative when vasopressin was infused at the rate of 18 


mu. per hour, but osmotie U/P ratios were only 1.6. During the infusion of 
o7 


25 to 27 mu. per hour mean osmotie U/P ratios were 3.37 and 3.83. In W. M. 
the osmotic U/P ratio was still higher during the infusion of 50 mu. per hour; 
a dose of 83 mu. per hour had no greater effect. Although in Subject L. S. 
the mean osmotic U/P ratio was the same during infusions of 27 and 42 mu. 
per hour, this may have been related to the difference in solute exeretion be- 
tween the two experiments, since during individual periods with similar rates 
of solute exeretion U/P ratio was slightly higher at the higher dose. The dose- 
response curve of Subject L. R. differed somewhat in that slightly larger doses 
of vasopressin were required to produce a given osmotie U/P ratio.t Thus, 
the ratio was only 3.15 when the dose was 42 mu. per hour, but reached 3.80 
when the dose was 101 mu. per hour. There was no further increase when 


*West, Traeger, and Kaplan‘ have reported that when vasopressin infusions were begun 
during a water diuresis, osmotic U/P ratios reached only about 3.0 even after 3 hours of in- 
fusion of large doses. In preliminary studies we found that when a vasopressin infusion (100 
mu. per hour) was begun during an established water diuresis, osmotic U/P ratio gradually 
increased for 4 to 5 hours and finally reached values of 3.8 to 4.0. This slow response was 
not accelerated by increasing the dose or giving a priming dose at the beginning of the in- 
fusion. On the other hand, when vasopressin was administered during a combined water and 
osmotic (mannitol) diuresis, the maximum osmotic U/P ratio of 2.2 to 2.6 was achieved with- 
in 2 hours. We, therefore, believe that the slow increase in osmotic U/P ratio at low rates 
of solute excretion may be due to slow equilibration in the dead space of the urinary tract, 
although delay in the response of the renal tubular concentrating mechanism to vasopressin 
cannot be ruled out. Administration of vasopressin before water loading obviates this diffi- 
culty and thus was employed in the present study. 


This subject had received repeated subcutaneous and intravenous injections of vaso- 


pressin several years prior to the present study and may conceivably have been slightly less 
sensitive to its action. 
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5,000 mu. per hour was administered subcutaneously. The values obtained 
are considered to represent the effects of exogenous vasopressin alone since 
sustained water diuresis developed when no vasopressin was given, and since 
in one experiment (L. R., 10/12/55) the ingestion of 120 ml. of 100 proof 
whiskey did not alter osmotie U/P ratio while vasopressin was being infused 
at a rate of 40 mu. per hour. Vasopressin administration did not alter inulin 
or creatinine clearance or the creatinine/inulin clearance ratio, 


DISCUSSION 
In the present study the osmotic U/P ratios attained after 18 hours of water 
deprivation were ‘‘maximal’’ only in the sense that osmotie U/P ratio did not 
inerease progressively with continued water deprivation. However, considerable 
variation in osmotic U/P ratio was observed not only during prolonged water 
deprivation but also with successive tests of the effects of 18 hours of water 
deprivation in the same subject. These variations did not follow the pattern of 
a diurnal rhythm and did not appear to depend on variation in the plasma solute 
concentration. <A fall in urine osmolality and rise in rate of flow associated with 
augmentation of solute exeretion in the hydropenic state has been studied ex- 
tensively using large osmotie loads.°"' The possibility that maximal osmotic 
U/P ratio at lower flows might also depend on the rate of solute excretion was 
suggested by the inverse relationship between these functions sometimes observed 
in dehydrated subjects given large doses of vasopressin. More detailed observa- 
tions during dehydration indicate that an acute increase in C,.. over the range 
of 1 to 5 ml. per minute regularly leads to a decrease in osmotie U/P ratio.‘ 
In more prolonged studies variations in osmotic U/P ratio can be due to other 
factors such as the dietary protein intake.° 

The possibility that variations in endogenous ADH production are re- 
sponsible for the variations in osmotic U/P ratio observed after 18 to 22 hours 
of water deprivation seems unlikely since vasopressin administration did not pro- 
duce a rise in osmotic U/P ratio at this time. When vasopressin administra- 
tion was continued in adequate doses, rehydration with an oral water load did 
not lower osmotic U/P ratio in our subjects. West and associates‘ and Jones 
and deWardener’® have noted that when previously dehydrated subjects were 
receiving vasopressin continuously the administration of a water load did not 
lower urine solute concentration. However, these authors and others'' ' have 
reported that prehydrated subjects receiving large doses of vasopressin do not 
excrete as concentrated a urine as do dehydrated subjects. These differences 
were greatest in subjects who were given excess water for several days."? In 
preliminary studies we found that when vasopressin infusion was begun in 
subjects who had just been rehydrated and were undergoing a water diuresis 
U/P ratios of 3.8 to 4.0 were ultimately achieved but only after 4 to 5 hours 
of vasopressin administration. Maximal concentration of the urine may re- 
quire the prolonged continuous presence of endogenous ADH, or may depend 
on some effect of dehydration which is not mediated through the seeretion of 
ADH. It is also possible that the neurohypophyseal secretion of man has an 
action which differs from that of vasopressin. 
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The dose-response curve obtained when vasopressin is administered in low 
doses to water loaded subjects has been studied in detail by Hollander, Williams, 
Fordham, and Welt.’* These authors present several equations describing the 
relationship between vasopressin dose and the response, A Cy,o, the latter func- 
tion being the magnitude of the fall in free water clearance from the value 
observed during maximal water diuresis. The present observations at low doses 
of vasopressin can be fitted to similar equations. However, the equations ob- 
tained from observations at low doses do not describe the response to high doses 
of vasopressin. When Cy,o becomes negative with large doses there is a change 
in the slope of the dose-response curve which is consistent with the view that 
some, but not all, of the tubules are already saturated with vasopressin. Further 
increases in dose lead to small increments in water reabsorption and osmotic 
U/P ratio until a ‘‘maximal’’ dose is ultimately reached, presumably when all 
of the tubules are saturated. These findings are in agreement with the work 
of Lauson™' who found that vasopressin in doses of 50 mu. per hour produced a 
maximal effect. 


SUMMARY 


The ability of the kidney to form a concentrated urine at low rates of solute 
excretion as measured by osmotic U/P ratio was studied during moderate de- 
hydration in 5 essentially normal men. After 18 hours of water deprivation 
the osmotic U/P ratios showed irregular variations which were not correlated 
with the serum total solute concentration and did not take the form of a diurnal 


rhythm. The osmotic U/P ratio was measured after 18 to 22 hours of water 


deprivation on repeated occasions in 3 normal young men and found to vary 
between 3.6 and 4.3. 


This value was not increased by administration of vaso- 
pressin. 


The relationship between vasopressin dose, free water clearance, and osmotic 
U/P ratio was examined in the same subjects after hydration. Although free 
water clearance became negative when vasopressin was given in doses of 18 to 
26 mu. per hour, the highest osmotie U/P ratios were not achieved until 42 
100 mu. per hour was infused. U/P ratios were then 3.7 to 4.1, values similar 
those found in the same subjeets during moderate dehydration. 


to 


‘to 


We are greatly indebted to the late Dr. Jack D. Rosenbaum for his guidance and 
to Miss Elsie Rossmeisl, Miss Helen Alpert, Miss Regina McLean, Miss Miriam Halpin, and 
Miss Ellen Vaznelis for their technical assistance. 
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SIZE OF MUMPS SKIN TEST REACTIONS 


Dante. N. Tucker, B.S., AND Joun R. OverMAN, M.D. 
Duruam, N. C, 


EVERAL studies have demonstrated the usefulness of mumps skin testing 
since the reaction was first described by Enders in 1943.1. The most com- 
prehensive experiments are those of Henle and associates? who studied the 
skin test reaction in relation to history of mumps, complement fixation and 
hemagglutination-inhibition antibody titers, and resistance to the development 
of clinical mumps. In addition, the effeet of skin test antigen on cireulating 
mumps antibody levels was described. Other papers by Cabasso,® Muntz,‘ 
and Florman® described mumps skin testing under various clinical situations. 
Only the original report of Enders, however, gave detailed data on the 
size of reactions obtained as correlated with antibody studies on the subjects 
tested. Cabasso reported the size of each reaction he obtained as an average 
of the 24- and 48-hour readings but this study did not inelude serum antibody 
determinations so that evaluation of the significance of the size of the reac- 
tions is difficult. Enders suggested 15 mm, or larger as the minimum positive 
reaction and the studies of Henle followed this criterion. Florman,’ however, 
designated 10 mm. as the minimum positive reaction, Thus, the criteria of 
size of the mumps skin test reactions are not well established, particularly since 
Enders’ study used monkey parotid antigen whereas all present commercial 
antigen is prepared from egg-grown virus. The present paper reports the size 
of the skin reactions of a group of young adults correlated with history and 
serum mumps hemagglutination-inhibition and neutralizing antibody titers. 


MATERIALS AND METHODS 


Skin Tests——Mumps skin test antigen and control material was generously supplied 
by Lederle Laboratories. The subjects were sophomore medical students at Duke Uni- 
versity, all in good health and none of whom had had mumps more recently than 10 years 
prior to the present study nor had they knowingly been recently exposed to mumps. There 
has been no large epidemic of mumps in North Carolina in the past several years. The 
procedure for testing recommended by Lederle was followed. Thus, 0.1 ml. of control 
and antigen was injected intradermally and skin reactions were measured carefully at 
24 and 48 hours following the injections. 


Serum Antibody Studies.—The mumps virus antigen was kindly supplied by Dr. Vietor 
Cabasso of Lederle Laboratories as lyophilizeed mumps infected allantoic fluid. It has 
been maintained in this laboratory by passage in 7-day-old embryonated eggs. Serum to 
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be tested for mumps antibody was diluted 1:10 in normal saline and then inactivated at 
56° C, for 30 minutes. In the test 0.2 ml. of serum dilutions were mixed with 0.2 ml. 
mumps virus allantoic fluid diluted to certain 8 hemagglutinating units as described previ- 
ously.6 This test as performed in this laboratory gives no false positive reactions. In 
some instances mumps neutralizing antibody was determined and the method used has 
been previously deseribed in detail.¢ 


RESULTS 

The results obtained are summarized in Table I. It is apparent that a 
good deal of the specificity and value of the skin test depends on the eriteria 
used for a positive test. If the minimum criterion is that described by Enders 
(as 15 mm.) then the test is quite specific and relatively reliable. For example, 
none of the individuals who had not had mumps on the basis of serum antibody 
studies gave a positive skin test reaction of 15 mm. or greater. There were 
in this series, therefore, no false positives. The skin test, however, failed to 
correlate with antibody studies in 7 of 28, giving 25 per cent false negative 
reactions, To determine more definitively whether these patients had actually 
had mumps, virus neutralization tests were performed on all these sera and 
all showed neutralizing antibody in a serum dilution of 1:10, 


TABLE I. Size or Mumps SKIN Test REACTIONS 


MUMPS ANTI- CRITERIAOF | 


HEMAGGLUTINATION HISTORY OF | MINIMUM SKIN SKIN TESTS | SKIN TESTS | POSITIVE 
ANTIBODY MUMPS REACTIONS (MM. ) POSITIVE NEGATIVE CONTROL 


5 mm. 
Positive 28 Positive 17 


Negative 11 


Negative 10 Positive 6 


Negative 4 


*Mumps neutralizing antibody titrations performed on these sera. (see text). 

It is also obvious from the data in Table I that reduction of the eriteria 
of the test to less than 15 mm. increases the number of false positive reactions 
without increasing the number of positive reactions in persons who had had 
mumps. Thus, the 25 per cent false negatives were not substantially changed 
by reducing the minimum criterion to 10 mm. 

Some of the individual reactions are particularly worth noting. Using 
reactions of 15 mm. or larger as the minimum criterion for a positive test, most 
positive reactors at 24 hours became more strongly positive at 48 hours. Thus 
of all those 17 designated finally as positive, 16 increased the size of the reae- 
tion, and only one became significantly smaller from 48 hours after the test. 
It is also of interest that at 48 hours the nonspecific control reactions tended 
to decrease in size so that of 10 controls at 24 hours 9 had decreased in size 
to a significant degree by 48 hours. These findings would suggest that the 
48-hour interval is most reliable for reading of the test. 


N 
14 2* 1 
5 15 1 1 
15 5 5° 1 
10 5 2* 4 
5 7 0 4 : 
15 0 5 1 
10 2 3 1 
5 4 0 2 
15 0 4 0 
pC 10 3 1 0 
5 4 0 0 : 
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An analysis of some reactions showed that failure to read the test at 
both 24 and 48 hours would allow some positive reactors to be missed. One 
individual had a 16 mm. reaction at 24 hours which decreased to 4 mm. at 
48. The control was entirely negative at both intervals. Conversely, another 
subject’s reaction was clearly negative at 24 hours and clearly positive at 48, 
also with entirely negative controls. 
DISCUSSION 
These experiments suggest that the minimum criteria used in the mumps 
skin test be reactions of 15 mm. or greater for a positive test. If this size is 
adopted the reaction is then quite specific for persons who, on the basis of 
antibody studies, have had mumps and will not include false positive reactions. 
It must be noted, however, that 25 per cent of persons who had had mumps as 
indicated by both serum hemagglutination-inhibition and virus neutralizing 
antibody will fail to react. Most of these in this study came from the group 
which by history must have had an inapparent infection. Since all of the 
subjeets had an interval of 10 or more years between the present studies and 
their mumps infection, it may be that these individuals simply lost their skin 
sensitivity. It may be, however, that the less severe clinical infections tend 
to result in a lesser degree of skin sensitization. 


SUMMARY 


Mumps virus skin test reactions were studied in 38 individuals and cor- 
related with serum mumps antibody levels. The results indicate that positive 


reactions must be characterized by an area of erythema 15 mm. or greater in 
size. In persons many years convalescent from mumps, 25 per cent may fail 
to react to the skin test antigen even though they maintain significant mumps 
serum antibody. 
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OBSERVATIONS ON HEMOPHILIA, PARAHEMOPHILIA, AND 
COEXISTENT HEMOPHILIA AND PARAHEMOPHILIA 


ALTERATIONS IN THE PLATELETS AND THE THROMBOPLASTIN GENERATION TEST 
Ricuarp H. Semert, M.D., Arvin Marcouius, Jr., M.D., anno 
Oscar D. Ratrnorr, M.D. 

CLEVELAND, OHIO 


LTHOUGH its existence stretches credulity, the combination of hemophilia 
A and parahemophilia in the same patient has been reported. Oeri and his 
associates’ and Iversen and Bastrup-Madsen* have described 3 individuals with 
life-long hemorrhagic states whose plasmas were deficient in ‘‘classic’’ antihemo- 
philie factor and proaceelerin. A fourth patient, studied recently at University 
Hospitals of Cleveland, has provided the opportunity to make some observa- 
tions on the genetic nature of this curious disease, as well as to extend studies 
of the platelets and of the thromboplastin generation test in classie hemophilia 
and parahemophilia. These studies have corroborated the observations of 
Lewis,’ Hjort and his associates,* and Mann* that the platelets of patients with 


parahemophilia are deficient in proaccelerin-like activity and those of patients 
with classic hemophilia are deficient in antihemophilic activity. Moreover, 
studies of the thromboplastin generation test confirm the view that proaecelerin 
is needed for the optimal generation of clot-promoting activity in the first stage 
of this procedure. 


CASE REPORTS 


Case 1,—N. 8. (University Hospitals No. 678036), a 13-year-old boy, was admitted 
to the Babies’ and Children’s Hospital on July 21, 1955, subsequent to hemorrhage into the 
right thigh. While in the hospital he had a massive hematemesis; transfusion with freshly 
frozen plasma and fresh whole blood was followed by a cessation of bleeding. The pa- 
tient’s earliest episode of bleeding was hemorrhage after tonsillectomy at the age of 5. 
Subsequently he had frequent epistaxes and episodes of bleeding into muscles and sub- 
cutaneous tissues, but no recognized hemarthroses. 


Only the maternal branch of the family was available for study. The maternal 
great-grandmother and great-grandfather were first cousins. None of the maternal family 
had overt bleeding difficulties. 


Studies of the coagulative mechanisms are tabulated in Table I. 


Case 2.—B. L., a 29-year-old male chemist, was studied in December, 1956, at a time 
when he was asymptomatic. Hemorrhagic phenomena were first reeognized when he was 
6 years old. Subsequently he had hemarthroses of knees and ankles, spontaneous ecchymoses, 
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gingival bleeding, epistaxes, and severe hemorrhages following injury of a wrist, cireum- 
cision, and dental extractions. Treatment on at least two occasions included blood trans 
fusion. No residual deformities were evident on physical examination. 

The patient’s parents both came from a Yugoslavian town with a population of 
about 1,500, but there was no recognized consanguinity. His mother always had excessive 
menstrual bleeding. As a child she had had repeated nosebleeds, However, she was un 
aware of spontaneous eechymoses or excessive bleeding subsequent to surgery, dental ex- 
traction, injuries, or childbirth. The patient’s father, now deceased, had no history of a 
bleeding tendency, nor does his maternal half-brother. 

Studies of the coagulative mechanisms are tabulated in Table I. 


MATERIALS AND METHODS 


Nomenclature.—The terms classic hemophilia or hemophilia will refer to the hereditary 
disorder characterized by a deficiency of antihemophilic factor, Parahemophilia will be used 
to describe the congenital deficiency of proaccelerin (factor V, plasma accelerator globulin). 
Thromboplastin will be used in the generic sense for any active principle which, in the 
presence of proaccelerin, serum factors, and calcium, converts prothrombin to thrombin; thus 
thromboplastin is present in animal tissues and may evolve in shed blood during the process 
of coagulation. 


Materials.—Blood was drawn from the antecubital veins of human subjects, using 
No. 18 gauge needles coated with tris(2-hydroxyethyldodecyl)ammonium chloride (Monocote, 
Armour) and syringes coated with silicone (G.E, Dri-Film). 

Oxalated and citrated plasma, aluminum hydroxide-adsorbed plasma, platelets, and 
platelet-poor plasma were prepared by previously described techniques.6 Serum was pre- 
pared by incubating whole blood in Pyrex tubes at 37° C. for a minimum of 2 hours and 
separating the serum by centrifugation. The serum was stored at —25° C. until used. 

Prothrombin-deficient bovine plasma was prepared by the method of Owren.? 

Crude antihemophilic factor was prepared from aluminum hydroxide-adsorbed citrated 
plasma by precipitating the fraction insoluble at one-third saturation with neutralized am- 
monium sulfate. The precipitate was separated by centrifugation, dissolved in water, and 
reprecipitated at one-third saturation with ammonium sulfate. The precipitate was then 
dialyzed against barbital-saline solution at 4° C, 

Crude proaccelerin was prepared in the same way from the fraction soluble at one- 
third saturation but insoluble at one-half saturation with ammonium sulfate. 

Commercial rabbit brain thromboplastin (Difco), human brain thromboplastin (Cap- 
pell), and Russell’s viper venom (Burroughs Welleome) were suspended by methods pre- 
viously described. 

Plasma or serum deficient in antihemophilic factor, Christmas factor (plasma thrombo- 
plastin component), Hageman factor, and pro-SPCA were obtained from patients with 
congenital deficiencies of these factors. 

Crude cephalin was prepared from desiccated rabbit brain thromboplastin (Difeo) by 
the method of Bell and Alton.® 

Crystalline trypsin (Worthington) was dissolved in a concentration of 1 mg. per 
milliliter of buffer and shaken for 10 minutes with an Amberlite IRC 50 resin, in the 
sodium cycle at pH 7.7, in order to remove magnesium sulfate, 

Purified staphylocoagulase* was dissolved in a concentration of 0.2 mg. per milliliter 
of buffer. 

All tests were performed in Pyrex tubes (internal diameter, 8 mm.) unless otherwise 
noted. Silicone-coated tubes to measure the clotting time of whole blood were prepared by 
rinsing clean, new Pyrex tubes with 0.1 per cent solution of G.E. Dri-Film in petroleum 
ether. Excess silicone was removed with copious amounts of distilled water and the 
tubes were then dried in an oven at 150° C. 


*Dr. M. Tager of Emory University kindly provided the purified staphylocoagulase. 
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The preparation of buffered sodium chloride solution, composed of 0.025 M_ barbital 
and 0.125 M sodium chloride at pH 7.5 was described previously. All glassware was 
washed with chromic acid and rinsed with distilled water. Dialyses were performed in 
Visking No-Jax cellophane sausage casings one-fourth inch in diameter. 


Methods.—The methods used for the determination of the clotting time of whole 
blood in glass or silicone tubes,1° recalcified clotting time of plasma,1° thrombin time,1° 
prothrombin time!! prothrombie activity of serum,® clot retraction,!2 direct platelet count,14 
and plasma fibrinogen concentration!4 have all been deseribed earlier. 


The thromboplastin generation test was performed as originally described by Biggs 
and Douglas.15 In this test, a mixture of dilute aluminum hydroxide-adsorbed plasma, 
dilute serum, and platelets is calcified and incubated at 37° C. When these reagents are pre- 
pared from normal blood, this incubation mixture is deficient in prothrombin but is thought 
to contain all other clotting factors. Thromboplastin-like activity is believed to evolve in 
this mixture and is measured in the following manner. At intervals, an aliquot of 0.1 ml. 
is withdrawn and pipetted into a tube containing 0.1 ml. of platelet-deficient plasma (or 
substrate), The substrate is then immediately recalcified by the addition of 0.1 ml. of 
0.025 M ealecium chloride and its clotting time is measured at 37° C. In a normal ineuba- 
tion mixture, sufficient thromboplastin-like activity is generated within 4 to 6 minutes to 
clot the substrate plasma in 9 to 14 seconds. With abnormal components, the onset of 
‘*thromboplastin generation’’ may be delayed, the rate of its evolution slowed, and the 
minimal clotting time prolonged relative to the normal system, 

In certain experiments, crude cephalin, Russell’s viper venom, or human or rabbit 
brain thromboplastin was substituted for platelets in the incubation mixture. 

The effect of normal plasma upon abnormal platelets was tested by incubating 2 ml. 
of a saline suspension of platelets with 9 ml. of normal platelet-deficient plasma for one 
hour at 4° C. The platelets were then sedimented by centrifugation, washed 4 times with 
saline solution, and tested in the thromboplastin generation test. 

The antihemophilic activity of plasma was estimated by determining its capacity to 
correct the abnormally long clotting time of plasma known to be deficient in antihemophilic 
factor. The plasma to be tested was diluted to the desired degree with buffer. In dupli- 
eate, 0.1 ml. each of the diluted plasma, undiluted hemophilic plasma, and 0.025 M calcium 
chloride solution were mixed in Pyrex tubes. The clotting time was then determined at 


25° C. Details of this method have been published elsewhere.8| The Hageman factor and 


Christmas factor (plasma thromboplastin component) activities of plasma were tested by 
the same technique. 


The proacecelerin activity of plasma was determined in the following manner. The 
plasma to be tested was adsorbed with aluminum hydroxide and diluted, when indicated, with 
aluminum hydroxide-adsorbed, proaccelerin-deficient plasma obtained from Patient 1. The 
prothrombin time of a mixture of 0.1 ml. each of the adsorbed plasma, unadsorbed pro- 
accelerin-deficient plasma, rabbit brain thromboplastin, and 0.025 M calcium chloride solu- 
tion was then measured. The effect of an unknown plasma was compared with that of a 
pool of several normal plasmas, similarly treated. The proaccelerin-like activity of Patient 
1’s plasma was assumed to be less than 1 per cent that of normal plasma. 

Over-all proconvertin-like activity was tested by measuring the effect on the one- 
stage prothrombin time of the addition of 0.1 ml. of plasma thought to be deficient in 
stable serum factors. Such plasma was obtained from a patient with a greatly prolonged 
prothrombin time subsequent to the administration of Dieumarol. Pro-SPCA-like activity 
was determined by mixing plasma from a patient congenitally deficient in this factor* 
with the plasma to be tested. The diagnosis of pro-SPCA deficiency was established by the 
following criteria: prolonged one-stage prothrombin time corrected by normal serum but not 


*Obtained through the courtesy of Dr. J, D. Battle, Jr, and Dr, J. S. Hewlett, Cleveland, 
Ohio. 
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by aluminum hydroxide-adsorbed plasma, a normal plasma clotting time in the presence of 
Russell’s viper venom, and correction of the prothrombin time upon the addition of plasma 
from a patient deficient in Stuart factor.* 


Plasma prothrombie activity was tested specifically by measuring the prothrombin 
time in the presence of 0.05 ml. of bovine barium sulfate-adsorbed oxalated plasma and 
0.05 ml. of pooled normal human serum.1® The serum and adsorbed plasma were thought 
to be deficient in prothrombin but supplied other factors necessary for the conversion of 
prothrombin to thrombin by thromboplastin. Prothrombie activity was also tested by the 
two-stage prothrombin time; beef serum was added to supply proaccelerin.17 

The partial thromboplastin time was performed by the method described by Langdell, 
Wagner, and Brinkhous.18 In this test, the recaleified clotting time of citrated plasma is 
measured in the presence of crude cephalin. 


The trypsin clotting time was performed by the addition of 0.1 ml. of a solution of 
trypsin to 0.2 ml. of citrated plasma. The clotting time of the mixture was measured at 
37° C. 

The presence of staphylocoagulase-reacting factor was tested by the addition of 0.1 


ml. of a solution of staphylocoagulase to 0.2 ml. of citrated plasma and measuring the 
clotting time at 37° C. 


Tests for circulating anticoagulants were performed by previously described methods.®, 1° 
The effect of the abnormal plasma on the recalcified clotting time and on the prothrombin 
time of normal plasma was used as a test for anticoagulants directed, respectively, against 
the early and middle stages of clotting. 


RESULTS 


1. The Nature of the Clotting Defect in Case 1: Evidence Supporting the 
Diagnosis of Parahemophilia.—The clotting time of whole blood, obtained from 
Patient 1, was prolonged in both glass and silicone-coated tubes (Table 1) 
This abnormality was associated with prolongation of the one-stage prothrombin 
time. The defect measured by this test was corrected by the addition of normal 
aluminum hydroxide-adsorbed plasma; the patient’s aluminum hydroxide-ad- 
sorbed plasma was without effect (Table I1). Other routine tests were unre- 
markable except that the prothrombie activity of serum was abnormally high, 
evidence that the conversion of prothrombin to thrombin during clotting was 
impaired. These data are consistent with the diagnosis of parahemophilia, that 
is, a deficiency of proaecelerin. This diagnosis was corroborated by the failure 
of normal human serum, which is deficient in proaccelerin, to shorten the pro- 
longed prothrombin time. Nor did normal oxalated plasma, stored at 4° C. 
for 5 weeks. Such plasma is also deficient in proaccelerin., 

Only the patient’s maternal relatives could be tested. The proaccelerin- 
like activity of his mother’s plasma was approximately 50 per cent of that of 
normal plasma. The proaccelerin content of his maternal grandfather’s plasma 
was normal; studies of a maternal uncle were equivocal. 


2. The Nature of the Clotting Defect in Case 2: Evidence Supporting the 
Diagnosis of Combined Hemophilia and Parahemophilia.—The clotting time of 
whole blood, obtained from Patient 2, was abnormally high, and the one-stage 
prothrombin time was prolonged (Table 1). The diagnosis of parahemophilia 


*Obtained through the courtesy of Dr. J. G. Graham, Chapel Hill, N. C. 
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was established by the following techniques. The abnormal one-stage prothrom- 
bin time of the patient’s plasma was not corrected by plasma obtained from 
Patient 1, nor by normal, aged oxalated plasma. The patient’s aluminum 
hvdroxide-adsorbed plasma was only a fraction as effective as normal adsorbed 


TABLE I, HEMATOLOGIC STUDIES IN PATIENTS WITH PARAHEMOPHILIA AND WITH COMBINED 
HEMOPHILIA AND PARAHEMOPHILIA 
PATIENT 2 
PATIENT 1 (COMBINED HEMO- 
( PARAHEMO PHILIA AND PARA- 
TEST NORMAL VALUES PHILIA) | HEMOPHILIA) 
1. Whole blood clotting time, 18-38 min. 47 min. 
Pyrex tubes 
. Whole blood clotting time, sili 55-195 min. >9 hr. >9 hr. 
cone tubes 
3. Reealcified plasma clotting time 4-11 min. 45 min. 18 min. 
Bleeding time (finger stick ) < 10 min. 3% min. 7% min. 
. Tourniquet test - Normal Normal 
Platelet count (direct) 200,000-300,000 218,000 245,000 
. Clot retraction 70+ % of poten 72 % 78 % 
tial retraction 
8. Thrombin time 26-34 35 see. 30 see. 
. Serum prothrombic activity 25 % of plasma 75 % 31 % 
Prothrombin time 15.3 see. 47.1 see. . 
14.4 see. 26.8 sec. 
Plasma prothrombic activity §8-120% 100 % 75 % 
(method of Alexander ) 
Plasma prothrombie activity 150-280 units 
(two-stage prothrombin time) 
Pro-SPCA-like activity Normal 
. Proconvertin-like activity Normal 
. Proaccelerin assay 90-110% 5 
. Partial thromboplastin time 120-130 see. 500 see. 
Antihemophilic factor assay 50-150 % 100 % 
. Christmas factor activity 
Hageman factor activity 
. Staphylocoagulase-reacting fac 50 see. 
tor 
21. Trypsin clotting time 66 see, 61 see. 
Plasma fibrinogen 200-400 337 274 
mg./100> ml. 
3. Test for circulating anticoagu None demon None demon- 
lant strated strated 


75 min. 


= 185 units 


Normal 
Normal 


Normal Normal 
Normal 
50 see, 


*This was assumed. 


TasBLe If. Tue Errect or ALUMINUM HyproxipE-ADSORBED PLASMA ON THE ONE-STAGE 


PROTHROMBIN TIME 
CLOTTING TIME* (SEC.) 
Normal 20 
Case 1 91 
Case 2 51 


ADSORBED PLASMA 


*Clotting time at 37° C. of 0.1 ml. each of citrated plasma obtained from Patient 1, ad- 
sorbed plasma, rabbit brain thromboplastin, and 0.025 M calcium chloride. 


TaBLe III, Tue Errect or a CRUDE ‘‘PROACCELERIN’’ FRACTION ON THE ONE-STAGE 
PROTHROMBIN TIME 


“SOURCE OF ‘‘PROACCELERIN’’ FRACTION | CLOTTING TIME* (SEC.) 


Normal subject 31 
Case 2 97 


: " *Clotting time at 37° Cc. of a mixture of 0.1 ml, each of citrated plasma obtained from 
Patient 1, crude proaccelerin, rabbit brain thromboplastin, and 0.025 M calcium chloride. 
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plasma in shortening the prothrombin time of parahemophilie plasma (Table 
Il). Moreover, a erude proaccelerin fraction of the patient’s plasma had no 
appreciable corrective effect on the prothrombin time of Patient 1’s plasma 
(Table III). The deficiency of proaccelerin was not as profound as in Case 1; 
plasma obtained from Patient 2 had about 3 per cent of the corrective activity 
of normal plasma when added to plasma obtained from Patient 1. 

A deficiency of antihemophilic factor was also present (Table IV). This 
defect was not complete; a crude antihemophilie fraction of plasma from Pa- 
tient 2 had about 6 per cent of the antihemophilic activity of a similar fraction 
of normal plasma. 


TasLe IV. THe ANTIHEMOPHILIC Activity OF PLASMA IN CASE 2 


TEST PLASMA 
Buffer 
Normal, diluted 1:10 
Normal, diluted 1:40 
Case 2, diluted 1:10 


GLOPTING TIME* (MIN.) 


*Clotting time at 25° C. of a mixture of 0.1 ml. each of hemophilic plasma, the plasma to 
be tested (diluted with buffer), and 0.025 M calcium chloride solution. 


Plasma from the mother of Patient 2 had approximately one-third the pro- 
aceelerin activity of normal plasma; its antihemophilic activity was normal. 
The proaccelerin-like and antihemophilic activities of the patient’s maternal 
half-brother’s plasma were within normal limits. 


3. The Thromboplastin Generation Test in Classic Hemophilia, Parahemo- 
philia, and Combined Hemophilia and Parahemophilia.—Previous investigators 
have demonstrated that normal platelets have antihemophilie’ and proaecelerin- 
like®® activity. Moreover, the platelets of patients with parahemophilia have 
been shown to be deficient in proaccelerin-like activity,’ and those of patients 
with hemophilia, deficient in antihemophilic activity... These observations were 
confirmed in the following experiments. In addition, the platelets of the patient 
with combined hemophilia and parahemophilia were deficient in both antihemo- 
philie and proaccelerin-like activities. 

The results of the thromboplastin generation test were compared, using 
reagents prepared from the blood of each of the patients; a patient with classic 
hemophilia and a normal individual. The thromboplastin generation test was 
abnormal in each of the 3 disorders when the incubation mixture consisted of 
calcium, normal serum, crude cephalin derived from rabbit brain, and aluminum 
hydroxide-adsorbed plasma obtained from the patient under study (Fig. 1). 
Conversely, the patients’ sera behaved like normal serum when mixed with nor- 
mal aluminum hydroxide-adsorbed plasma, crude cephalin, and ealeium. In this 
system, then, the defect measured by the thromboplastin generation test was 
localized to the aluminum hydroxide-adsorbed plasma. 

When normal platelets were substituted in the ineubation mixture for 
erude cephalin, the abnormality measured in the thromboplastin generation 
test was less marked in each ease (Figs. 2 to 5). In one experiment (Fig. 2) 
the thromboplastin generation test was normal in a mixture containing normal 
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Figs. 1 to 3.—In this and the succeeding figures, the results of the thromboplastin 
generation test are plotted in the usual manner. An “incubation mixture” of dilute aluminum 
hydroxide-adsorbed citrated plasma (“al. plasma’), dilute serum, crude cephalin or platelets, 
and calcium chloride was incubated at 87° C. At the intervals indicated on the abscissa, an 
aliquot of the incubation mixture was added to a “substrate” of citrated plasma, and this 
second mixture was then immediately recalcified. The clotting time of the substrate mixture 
is indicated on the ordinate. Each substrate tube was observed for 45 seconds, after which 
the tube was discarded even though its contents were unclotted. 


Lower curve (Fig. 1), The thromboplastin generation test in parahemophilia and com- 
bined hemophilia and parahemophilia. The incubation mixture contained normal serum and 
crude cephalin in addition to the aluminum hydroxide-adsorbed plasma under test. The sub- 
strate was normal plasma. ‘“Thromboplastin generation” in the presence of antihemophilic- 
deficient plasma, not shown here, fell between that of proaccelerin-deficient plasma and that 
of plasma deficient in both these factors. 


Middle curve (Fig. 2), “Thromboplastin generation” in the presence of normal platelets. 
Normal platelets and serum were mixed with the aluminum hydroxide-adsorbed plasmas 
under test. The substrate was normal plasma. ‘“Thromboplastin generation” in the presence 
of hemophilic aluminum hydroxide-adsorbed plasma was similar to “generation” with proac- 
celerin and antihemophilic-deficient plasma. 


Upper curve (Fig. 3), A comparison of normal platelets and combined parahemophilic 
and hemophilic platelets. The incubation mixture contained aluminum hydroxide-adsorbed 
plasma from the patient with combined deficiencies of proaccelerin and antihemophilic factor, 
normal serum, and the platelets to be tested. The substrate was normal plasma. An all- 
normal system clotted in 10 seconds after 3 minutes’ incubation. 
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platelets, normal serum, and aluminum hydroxide-adsorbed plasma obtained 
from the patient with parahemophilia. These experiments confirm the view 
that normal platelets exhibit proaecelerin-like activity. 

On the other hand, ‘‘thromboplastin generation’’ was uniformly abnormal 
when the ineubation mixture contained the patient’s platelets along with his 
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Figs. 4 to 6.—Lower curve (Fig. 4), A comparison of normal and hemophilic platelets. 
The incubation mixture contained hemophilic aluminum hydroxide-adsorbed plasma, normal 
serum, and the platelets to be tested. The substrate was normal plasma. An all-normal sys- 
tem clotted in 10 seconds after 3 minutes’ incubation. 


Middle curve (Fig. 5), A comparison of normal and parahemophilic platelets. The in- 
cubation mixture contained parahemophilic aluminum hydroxide-adsorbed plasma, normal 
serum, and the platelets to be tested. The substrate was parahemophilic plasma. An all- 
normal system clotted in 10 seconds after 3 minutes’ incubation. 


Upper curve (Fig. 6), A comparison of normal and parahemophilic substrates in the 
study of parahemophilia. The incubation mixture consisted of proaccelerin-deficient aluminum 
hydroxide-adsorbed plasma, and normal serum and platelets. An all-normal system gave a 
clotting time of 15 seconds after 6 minutes’ incubation. 
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aluminum hydroxide-adsorbed plasma and normal serum. Thus, compared with 
normal platelets, hemophilie platelets were deficient in antihemophilic activity 
(Fig. 4), parahemophilie platelets were deficient in proaecelerin-like activity 
(Fig. 5), and platelets from the patient with the combined deficiency were less 
effective than normal platelets (Fig. 3), although by no means inert. 

In the experiments illustrated in Figs. 1 through 4, the aetive principle or 
principles generated in the ineubation mixture were tested upon a substrate of 
normal citrated plasma. In parahemophilia, the defect measured by the throm- 
boplastin generation test was greatly exaggerated by the use of parahemophilic 
plasma as the substrate (Fig. 6). A substrate of parahemophilic plasma also 
exaggerated the defeet when aluminum hydroxide-adsorbed plasma from the 
patient with the combined defect was tested in the ineubation mixture. 

The events which transpire in the incubation mixture, during the first 
stage of the thromboplastin test, are not clear. In one series of experiments, 
tissue thromboplastin prepared from rabbit brain was substituted for platelets 
or erude cephalin in the incubation mixture (Fig. 7). As in the ease of the 
usual thromboplastin generation test, suecessive aliquots of the ineubation 
mixture had progressively more acceleratory activity when added to a sub- 
strate of normal citrated plasma. However, the events moved more rapidly; 
in the presence of normal aluminum hydroxide-adsorbed plasma and normal 
serum, maximal activity was observed within a minute. No signifieant differ- 
ence was observed in the behavior of the incubation mixture when hemophilic 
aluminum hydroxide-adsorbed plasma was substituted for normal adsorbed 
plasma. However, when parahemophilie adsorbed plasma from Case 1 or 2 
was used, maximal activity evolved more slowly and the clotting time of the 
substrate was considerably longer than in the normal system. When normal 
serum was omitted from the generation mixture, maximal activity was not 
reached for 4 or 5 minutes in the presence of either normal or parahemophilie 
adsorbed plasma. When thromboplastin and calcium were ineubated alone, 
successive aliquots were equally effective upon the substrate, as if no significant 
alteration occured in the incubation mixture in the absence of serum and ad- 
sorbed plasma. 


The same results were obtained when human brain thromboplastin or 


Russell’s viper venom was substituted for crude cephalin in testing para- 
hemophilie plasma. 


4. The Effect of Normal Plasma Upon the Properties of Platelets De- 
ficient in Antihemophilic and Proaccelerin-like Activity—Hjort, Rapaport, 
and Owren* demonstrated that the proaccelerin deficiency of parahemophilic 
platelets could be corrected by incubating the abnormal platelets with normal 
platelet-deficient plasma. These results were confirmed in studies of the plate- 
lets obtained from Patient 1, using the thromboplastin generation test. Simi- 
larly, it was possible to correet the defect in the platelets obtained from a pa- 
tient with hemophilia and from Patient 2, who had the combined deficiency of 
antihemophilic factor and proaccelerin (Figs. 8 and 9). These observations 
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Suggest that the antihemophilic activity of normal platelets, like their 
proaccelerin-like activity, is the result of adsorption of antihemophilie factor 
from the plasma. 
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Figs. 7 to 9.—Lower curve (Fig. 7), The influence of tissue thromboplastin on the 
thromboplastin generation test. The incubation mixture contained normal adsorbed plasma or 
plasma from the patient with combined hemophilia and parahemophilia, normal serum, and 
rabbit brain thromboplastin. The substrate was normal plasma. An incubation mixture con- 
taining hemophilic instead of normal adsorbed plasma gave the same curve as normal 
Plasma. Substitution of parahemophilic plasma gave a curve similar to that of the plasma 
deficient in both antihemophilic factor and proaccelerin. 

Middle curve (Fig. 8), The effect of treating he na en platelets with normal plasma. 
The incubation mixture contained hemophilic aluminum ydroxide-adsorbed piasma, normal 
serum, and either hemophilic platelets or the same - ets treated with normal plasma. 
The substrate was normal plasma. 

Upper curve (Fig. 9), the effect of treating platelets from the patient with combined 
deficiencies of proaccelerin and antihemophilic factor with normal plasma. The incubation 
mixture contained the adsorbed plasma from the patient with the combined deficiency, normal 
serum, and the platelets under test. The substrate was parahemophilic plasma but the same 
result was obtained with normal plasma. 


| 
2 3 5 | 
50 
40 
3 30 
Fig. 8. 
20 
z | 2 4 5 6 
50 
40 
10 


Volume 52 


‘ HEMOPHILIA AND PARAHEMOPHILIA 
Number 3 


DISCUSSION 
The data which have been presented provide information concerning the 
relationship between hemophilia and parahemophilia, the nature of the plate- 
lets in these disorders and the interpretation of the thromboplastin generation 
test. 

Parahemophilia, a congenital deficiency of proaccelerin, has been observed 
in about 20 families.** **  Parahemophilia occurs in both sexes. Its mode of 
inheritance is not clear. In some instances, as in Case 1 of the present study, 
the parents or children of an affected individual have had partial deficiencies of 
proacecelerin. In others, as in Owren’s original patient,** a deficiency of pro- 
accelerin was not detected in any relatives. In contrast, classie hemophilia is 
virtually limited to the male and behaves as if it were transmitted as a sex- 
linked recessive trait. 

In general, the bleeding tendency in parahemophilia parallels the degree 
of the defect measured in the laboratory. In the milder cases, the patients have 
had spontaneous epistaxes, easy bruisability, menorrhagia, and, at times, ex- 
cessive bleeding after dental extractions or surgical procedures. In more 
severe cases, the patients have also had large hematomas, spontaneous gingival 
bleeding, and bleeding into the gastrointestinal tract or central nervous system. 
To our knowledge, hemarthroses have not been described. Except for the 
absenee of hemorrhage into joints, these symptoms do not differ qualitatively 
from those of classic hemophilia. 

Hemophilia and parahemophilia are so uncommon that one would expect 
their simultaneous occurrence to be exceedingly rare. Nevertheless, Case 2 of 
the present report represents the fourth recognized instance of this combination. 
Oeri and his associates' described two brothers with relatively mild hemorrhagie 
phenomena in whom the two abnormalities coexisted. The same ecoincidenee was 
noted by Iversen and Bastrup-Madsen* in a mentally retarded boy with severe 
bleeding, hemarthroses, and priapism. The coexistence of deficiencies of anti- 
hemophilie factor and proaccelerin raises the question as to whether these two 
defects may result from a single abnormality. All 4 cases have been in males. 
The 3 previously reported instances resulted from consanguineous unions" 2 
and the parents of our patient came from the same small village. <A sister of 
one patient had hypoproaccelerinemia; his parents and two other siblings were 
normal.? In our ease, the patient’s mother had a partial deficiency of pro- 
aeeelerin, but his only other available relative, a maternal half-brother, was 
normal. One explanation, suggested by Oeri and his associates,’ is that a single 
sxyene is responsible for the synthesis of a precursor common to both antihemo- 
philie faetor and proaccelerin. An abnormal allele of this gene may result 
in impaired synthesis of this precursor. The evidence suggests that this allele 
is recessive compared with the normal allele. When an individual inherits a 
normal allele from one parent and the abnormal allele from the other, he syn- 
thesizes normal amounts of antihemophilic factor and either normal or nearly 
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normal amounts of proaccelerin. When the abnormal allele is inherited from 
both parents, the patient is unable to synthesize appreciable amounts of either 
protein. This hypothesis assumes that a second gene is required to convert the 
common preeursor to proaccelerin and a third for conversion to antihemophilic 
factor. Were this the ease, one should find instances of severe parahemophilia 
in which the concentration of antihemophilie factor is normal. In fact, anti- 
hemophilie activity has been normal in the few instances in which it has been 
tested,® ** ** and was normal in Case 1 of the present report. Conversely, the 
proaccelerin-like activity of the plasma of patients with elassie hemophilia 
has been normal in our experience. 

Lewis* and Mann® observed that the platelets of patients with parahemo- 
philia or hemophilia were deficient in proaccelerin-like activity or antihemo- 
philie activity, respectively. These observations have been confirmed. In 
addition, platelets prepared from the blood of the patient with eombined hemo- 
philia and parahemophilia were deficient in both antihemophilic and pro- 
aecelerin-like activities. Hjort and his associatest were able to correct the 
defect in parahemophilie platelets by exposing them to normal plasma. This 
observation, too, has been confirmed. In addition, the abnormalities of hemo- 
philie platelets and of platelets prepared from the blood of the patient with 
the combined defect were corrected by the same technique. These studies sug- 
gest that both the antihemophilie and proaeccelerin-like activities of normal 
platelets result from the adsorption of these factors from the plasma. 

The thromboplastin generation test of Biggs and Douglas'® was most use- 
ful in the study of patients deseribed in the present report. The ineubation 
mixture in this test contains all the known clotting factors, although it is rela- 
tively deficient in prothrombin. The active principle evolved in the incubation 
mixture is tested for ‘‘thromboplastie’’ aetivity upon a substrate of normal 
plasma. It was observed that the sensitivity of this test was much inereased 
when the patient’s own platelets were used instead of normal platelets in the 
ineubation mixture. Furthermore, the thromboplastin generation test was much 
more sensitive in parahemophilia when the activity evolved in the ineubation 
mixture was tested upon a substrate of parahemophilie plasma rather than 
normal plasma. In contrast, the abnormality of hemophilie plasma was inde- 
pendent of the nature of the substrate. 

The nature of the active principle evolved in the thromboplastin generation 
test is not clear. The defect in parahemophilie plasma could still be deteeted 
when tissue thromboplastin was substituted for platelets in the first stage of 
this test. On the other hand, the abnormality in hemophilie plasma was cor- 
rected when tissue thromboplastin was substituted for the platelets in the in- 
cubation mixture. These observations suggest that the thromboplastin genera- 
tion test does not, in fact, measure solely the evolution of a substance ecom- 
parable in its activity to tissue thromboplastin. An alternate hypothesis is that 
a series of reactions occur, such as have been postulated by Maefarlane®® and 
others. The first step in the reactions measured by this test involves the sue- 
cessive interactions of antihemophilic factor, Christmas factor, Hageman factor, 
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platelets (or ‘‘eephalin’’), and ealeium ions. A principle is thus evolved which 
is similar in behavior to tissue thromboplastin. This principle then reacts with 
proaccelerin to form the reagent measured in the second stage of the test. These 
observations do not elucidate the site of activity of pro-SPCA and Stuart factor, 
nor do they shed light on the nature of the active principle evolved in the 
first step of the thromboplastin generation test. 

Finally, these studies emphasize the importance of looking for multiple 
defects in the plasma of patients with hemorrhagic disorders. The demon- 
stration of these multiple defects may help define the steps which occur in the 
synthesis of the various factors involved in the coagulation of the blood. 


SUMMARY 


Cases of parahemophilia and of coexistent hemophilia and parahemo- 
philia are deseribed. The coexistence of these two defects suggests a common 


step in the syntheses of antihemophilie faetor and proaccelerin. 

That the hemophilie platelets are deficient in antihemophilic activity and 
parahemophilie platelets in proaecelerin-like activity has been confirmed. These 
defects were correctible by ineubating the abnormal platelets with normal 
plasma. 

The defect measured in the thromboplastin generation test was exaggerated 
in parahemophilia by the use of parahemophilie platelets and a substrate of 
parahemophilie plasma. The significance of these observations in relationship to 
the mechanisms measured by this test is discussed. 
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STERILE-VOIDED URINE CULTURE 
AN EvALuaATION IN 100 Consecutive WOMEN 


A. Merritt, M.D., anp Jay P. Sanrorp, M.D. 
DuruHam, N, C. 


RINARY tract infections remain among the most common diseases in 

which antibacterial therapy is useful.':* The more significant form of 
infection, pyelonephritis, is recognized clinically in only one-fifth of the 12 
to 20 per cent incidence found at autopsy.’:** It is well known that serious 
infection may be entirely asymptomatic or be accompanied by supposedly in- 
consequential discomfort or pyuria.** Excluding those with active infection, 
Kass has recently shown that asymptomatic infections can be detected in at 
least 6 per cent of the female and 4 per cent of the male patients entering 
an outpatient department.® In certain groups of patients, such as those with 
diabetes mellitus, pregnancy, or cystocele, the occurrence of significant degrees 
of inapparent bacteriuria increases to almost one-quarter of those studied. 
It has previously been concluded that bacteriologiec study alone can detect 
these inapparent infections.* 

Bladder catheterization is the commonly accepted technique for obtaining 
urine from women for either examination of the sediment or culture. It has 
been widely appreciated that catheterization per se ineludes the hazard of 
introducing organisms into the bladder which are themselves capable of pro- 
ducing urinary tract infections.*°" The incidence of oceurrence of such 
iatrogenic infection is not precisely known; however, its occurrence is probably 
2 to 3 per cent in women following catheterization. The disadvantage of tis 
risk must be weighed against the possibility of overlooking clinically inap- 
parent infections, 

It is no longer common practice to ecatheterize the male patient in order 
to obtain an adequate urine specimen for examination and eulture. Usual 
practice includes cleansing the glans penis and voiding with the collection of 
a midstream specimen. Even with fastidious collection of urine by voiding or 
catheterization, contamination must be distinguished from true bacteriuria. 
The use of quantitative bacterial counts of the urine makes this distinction 
possible.“ * A midstream voided urine combined with quantitative bacterial 
counting of the urine culture and adapted to female patients seemed to offer 
a safe method of evaluation and sereening. This study evaluated the feasi- 
bility of using ‘‘sterile-voided’’ rather than catheterized urines for culture in 
women. 


From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 
Received for publication April 8, 1958. 
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degree of bacteriuria between sterile-voided and catheterized 


The dividing lines are placed at 10,000 bacteria per 
milliliter for catheterized specimens and 50,000 bacteria per milliliter for sterile-voided speci- 
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MATERIALS AND METHODS 


Observations were made on 100 consecutive, ambulatory and nonambulatory, female ad- 
missions to a general publie medical ward, 


One of us obtained a history from each patient 
which ineluded: 


age, race, dysuria, frequency, nocturia, incontinence, urinary calculi, uri- 
nary infections, pelvic infections, pelvic operations, pregnancies, previous catheterizations, 
and diabetes mellitus oceurring in the past or at the time of admission. Each patient was 
examined specifically for flank and suprapubic tenderness. Correlations of bacteriuria with 
the preliminary ward diagnoses, fever, leukocyte count, urinalysis, blood nonprotein nitrogen 
concentration, and phenolsulfonphthalein excretion were made. 

“Sterile-voided” specimens were obtained from the patient on the day of admission by 
the ward personnel, both graduate and student nurses. The nurses received no special in- 
structions, but were requested to prepare the patients for routine catheterization of the 
bladder, then, instead of inserting a catheter, to request the patient to void. A midstream 
specimen of urine was then collected. Preparation for routine catheterization consisted of 
placing the patient in the lithotomy position, with help if necessary, and cleansing the 
labiae and urethral orifice with Zephiran* sponges. The specimens were caught in standard 
15 by 110 nm, sterile test tubes. The remainder of the urine was caught in a small basin 
commonly found on a bladder catheterization tray. The urine specimens were placed in an 
icebox (4° C.) within 5 minutes and quantitatively cultured within a 24-hour period, Speci 
mens may be stored at 4° C. for as long as 48 hours without significant changes in the 
bacterial counts.6 

Quantitative bacterial counts were carried out by making 3 successive tenfold dilutions 
of the urine in sterile 0.9 per cent saline solution. One milliliter aliquots of the 10-1 (1:10) 
and the 10 ‘s (1:1,000) dilutions were then pipetted into sterile Petri dishes. Approximately 
9 ml. of melted, cooled, tryptic digest agar was added and mixed by swirling. The contents 
of the pour plates were allowed to cool and solidify, then inverted, and incubated at 37° C. 
for 24 to 36 hours. The bacterial colonies were then counted under magnification in a 
Quebec colony counter. 

After removal of an aliquot of urine for quantitative bacterial count, the remainder of 
the sterile-voided specimen was sent to the bacteriologie laboratory for culture. Standard 
biochemical fermentation reactions and cultural characteristics were used for the identifica- 
tion of the bacterial strains isolated. 

Urinalyses were performed by the ward medical staff and students on either sterile- 
voided specimens or routine specimens collected separately. When specimens other than those 
collected by the sterile-voided technique were utilized, they were collected within several hours 
of the cultured specimen. Agnin, no extra emphasis was placed on these urinalyses, and they 
were performed as a portion of the regular admission evaluation. 

In all patients in whom the sterile-voided specimens were found to contain more than 
5,000 colonies per milliliter and in some patients with fewer organisms, where the ward 
staff felt the procedure was indicated, catheterized specimens of urine were obtained. 
Such catheterized specimens were obtained within 24 to 36 hours of the sterile-voided 
specimens and usually prior to antibacterial therapy of any type. Laboratory studies were 
carried out on these specimens as described above. 


RESULTS 
The frequeney of varying degrees of bacteriuria as demonstrated in sterile- 
voided urine specimens obtained from these patients was plotted (Fig. 1), 
forming a parabolic curve. Urine obtained from 61 patients had less than 
1,000 bacteria per milliliter while that from 17 patients contained greater than 


100,000 bacteria per milliliter. An essentially negative urine culture obtained 


*Zephiran chloride (benzalkonium chloride), Winthrop Laboratories, New York, N. Y. 
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by the voided technique was obviously as meaningful as an ‘‘essentially nega- 
tive’’ culture obtained by catheterization. The 25 patients in whom the sterile- 
voided urine contained greater than 5,000 bacteria per milliliter and 4 patients 
with lesser degrees of bacteriuria were catheterized. The correlation between 
a Single sterile-voided urine and a single catheterized urine in the same patient 
was good (Fig. 2). Greater than 10,000 bacteria per milliliter of urine was 
present in 14 patients by catheterization (section C, Fig. 2). Each of these 
patients had greater than 50,000 bacteria per milliliter of urine on quantitation 
of their sterile-voided specimens. An additional 4 patients had greater than 
50,000 bacteria per milliliter in their sterile-voided specimens while the 
catheterized urines obtained in these patients had less than 1,000 bacteria per 
milliliter (seetion B, Fig. 2). None of the 11 patients with sterile-voided 
urines containing less than 50,000 and greater than 10,000 bacteria per milliliter 
had significant degrees (greater than 10,000 bacteria per milliliter) of bae- 
teriuria demonstrated in catheterized specimens. Thus, approximately 50,000 
bacteria per milliliter could be used as the zone of differentiating contamina- 
tion from significant bacteriuria when using sterile-voided urines alone. With 


this criterion an occasional ‘‘false positive’’ culture was obtained; however, 


no ‘‘false negative’’ cultures were observed. The bacterial species isolated 
from the sterile-voided and ecatheterized cultures were the same in 13 of the 
14 positive cultures (Table I). In only one of the 15 negative eultures in 
which bacterial growth occurred, either sterile-voided or catheterized, was the 
same bacterial species isolated. In general, Micrococcus pyogenes var. albus 
was the most common contaminant, while Escherichia coli was the most common 
organism isolated in significant numbers. Yet Esch. coli as well as Proteus species 
were isolated as contaminants. 

Significant bacteriuria (greater than 10,000 bacteria per milliliter of 
urine obtained by catheterization) was found in 14 of these 100 unselected 
consecutive admissions. The diagnosis of some type of urinary tract infection 
was suspected by the ward staff in 8 of the 100 patients. Of these, 5 were 
subsequently found to have positive cultures and 3 had negative cultures. In 
the 14 patients with positive cultures, 5 (36 per cent) had mention of a diagno- 
sis concerning the urinary tract and in 9 there was no suspicion of urinary 
tract infection. 

The clinical and laboratory features observed in the group with positive 
cultures were compared with those in the group of patients having negative 
cultures to ascertain whether or not there were indications suggesting rela- 
tively asymptomatic bacteriuria (Table II). There were 65 Caucasian patients 
and 35 Negro patients with a respective positive culture incidence of 15.4 
and 11.4 per cent. More patients over the age of 60 years had positive cultures 
than younger patients; this difference was not statistically significant. It 
was of interest that cultures obtained from younger patients, particularly 
unmarried patients, were more apt to have higher degrees of contamination 
than those obtained from older, married patients. Urinary tract symptoms of 
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dysuria, frequeney, or nocturia were commonly elicited from patients with 
positive cultures. Yet, these symptoms were not present in all patients with 
positive cultures and were elicited from a considerable number of patients 
with negative cultures. This triad of symptoms was present simultaneously 
in only 4 of the 14 patients (29 per cent) with positive cultures (Table III). 


TABLE I, COMPARISON OF FINDINGS BETWEEN STERILE-VOIDED AND CATHETERIZED URINES 
BACTERIA/ML. X 10-3 | BACTERIAL SPECIES BACTERIA/ML, X 10-3 BACTERIAL SPECIES 


<0.01 N. G. 

N. G. 0.04 M. albus 
N. G. <0.01 M. albus 
Esch. coli <0.01 N. G. 

M. albus 0.07 N. G. 
Proteus sp. < 0.01 N. G. 

M. albus 0.01 N. G. 

M. albus <0.01 Proteus sp. 
N. G. 0.10 M. albus 
M. albus 0.02 


Esch. coli <0.01 
Esch. coli 20.0 Esch. coli 
N. G. 0.64 
M. albus <0.01 
157.0 M. albus 0.01 


233.0 Esch. coli 15.0 sch. coli 

384.0 Esch. coli 239.0 Esch. coli 

> 500.0 Esch. coli >1,000 Usch. coli 

660.0 Esch. coli 448.0 isch. coli 

> 1,000 Esch. coli 1,600 coli 

>1,000 Esch. coli 20.0 Proteus sp. 

> 1,000 Esch. coli >1,000 Esch. coli 

> 1,000 Esch. coli 140.0 Esch. coli 

> 1,000 Esch. coli 81.0 Esch. coli 

>1,000 Esch. coli >1,000 Esch. coli 
1,460 Strep. faecalis > 4,000 Strep. faecalis 
3,200 Ps. aeruginosa 228.0 Ps. aeruginosa 

Esch, coli 

>5,000 M. aureus <0.01 M. albus 

>1,000 Esch. coli >1,000 Esch. coli 


*No growth. 


A history of previous dysuria, frequency, or nocturia was obtained as often 
from patients with negative as with positive cultures. Likewise, the incidence 
of previous renal calculi, renal infections, pelvie infections, pelvie operations 
(usually an abdominal hysterectomy), and pregnancies was esssentially the 
same in each group. However, there were significantly more patients with 
diabetes mellitus in the group with positive cultures than in the group with 
negative cultures (Table IV). Catheterization in the past history was obtained 
with about equal frequency in both groups. No attempt was made to dis- 
tinguish between a single catheterization and the use of an indwelling catheter 
in these patients. Urinalyses in each group were quite similar. There was no 
greater incidence of degree of pyuria using as criteria greater than 10, greater 
than 20, or clumps of leukocytes for comparison in those patients with positive 
cultures. An attempt was made to separate those with negative cultures from 
those with positive cultures by noting the combination of clinical observations, 
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TABLE IT, 


COMPARISON OF CLINICAL AND LABORATORY OBSERVATIONS IN PATIENTS WITH 
NEGATIVE AND Positive URINE CULTURES* 


SYMPTOMS 
PRESENT HISTORY 


(PER CENT OF 
| PAST HISTORY 


PATIENTS ) 


| FRE- | | INCON- | | FRE- | INCON 
CULTURE DYSURIA |QUENCY| NOCTURIA | TINENCE | DYSURIA | QUENCY! NOCTURIA | TINENCE 
Negative 8.1 9.3 32.6 25.6 44.2 25.6 26.8 25.6 
Positive 35.7 42.8 71.4 28.5 57.1 42.8 57.1 214 
| PAST HISTORY (PER CENT OF PATIENTS ) 
| | | PELVIC 
| CATHE- | | RENAL | PELVIC OPERA PREG DIABETES 
CULTURE | ‘TERIZED | CALCULI | INFECTION | INFECTION TIONS NANCY MELLITUS 
Negative 60.5 8.1 50.0 14.0 38.4 78.0 10.5 
Positive 78.5 21.4 57.1 14.3 57.1 85.8 2.8 
<0.5 <05 - - <0.01 
AGE (PER CENT OF PATIENTS) | LABORATORY OBSERVATIONS (PER CENT OF PATIENTS ) 
PsP 
NPN <50 % 
| PROTE- PYURIA >40 IN 2 
CULTURE <20 21-40 | 41-60 >60 | INURIA 0 <5 >5 MG. % HRS. 
Negative 9.3 38.4 43.0 9.3 12.8 18.6 60.5 20.9 18.7 23.0 
Positive 0 28.5 42.8 28.5 28.5 7.1 64.2 28.5 18.2 10.0 


*Positive urine culture »10,000 bacteria per milligram in catheterized specimens (14 
per cent). Negative urine culture <10,000 bacteria per milligram (86 per cent). 


TABLE IIT. 


COMPARISON OF URINARY TRACT SYMPTOMS WITH QUANTITATIVE URINE CULTURES 


0 To 1,000 | NEGATIVE==< 10,000 | PosITIVE==>10,000 
| BACTERIA/ML. (61) | BACTERIA/ML. (86) | BACTERIA/ML. (14) 
SYMPTOMS NO. PER CENT NO. PER CENT | NO. PER CENT 
Dysuria, frequency, 
nocturia 0 0 1 1.2 4 29 
Frequency, nocturia 3 4.9 5 5.8 6 13 
Dysuria, pyuria 5 8.2 6 7.0 4 29 
Frequency, pyuria 6 9.8 Xs 9.3 5 36 
Nocturia, pyuria 18 29.6 22 25.6 9 64 
Dysuria, frequency, 
pyuria 0 0 1 1.2 3 21 
Dysuria, nocturia, 
pyuria 2 3.3 4 4.8 3 21 
Dysuria, frequency, 
nocturia, pyuria 0 0 1 1.2 3 21 
Frequency, nocturia, 
pyuria 3 4.9 5 5.8 5 36 
Pyuria 51 83.6 70 81.5 13 93 


TABLE IV. 


COMPARISON OF URINARY TRACT SYMPTOMS WITH QUANTITATIVE 
Urine CuLTuREesS IN DIABETES MELLITUS (15 PATIENTS) 


NEGATIVE < 10,000 POSITIVE > 10,000 

SYMPTOMS BACTERIA/ML, (9) | BACTERIA/ML. (6) 
Dysuria present 3 3 
Frequency present l 2 
Nocturia present 4 5 
Pyuria present (>5 W.B.C.) 1 1 


Previous catheterization 
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such as dysuria, frequency, nocturia, and the presence of leukocytes in the 
urine on admission to the hospital (Table Il). Only one of 86 patients had 
this combination in that group with negative cultures, yet only 3 of 14 pa- 
tients with positive cultures had these findings. It was found that no his- 
torical or laboratory evidence allowed one to separate patients with positive 
cultures from those with negative cultures except by the quantitative estima- 
tion of bacteriuria. 

One of the patients had been catheterized two days prior to transfer to 
the medical service. The original culture had no bacterial growth; however, 
after catheterization, she developed dysuria and nocturia. A sterile-voided 
and a repeat catheterized specimen then contained Esch. coli in respective 
quantities of 600,000 and 500,000 organisms per milliliter. This was the only 
evidence of infection following catheterization (one in 29 catheterizations) 
in this small series. 


DISCUSSION 


The importance of a safe method for the bacteriologie evaluation of minor 
symptoms which may be indicative of significant bacteriuria is well illustrated 
by this group of patients. In the hospital or clinie as a routine sereening 
procedure, particularly in women, this method is adequate for the evaluation 
of the urinary tract and particularly bacteriuria. A sereening procedure seems 
indicated by the findings of significant bacteriuria in the absenee of symptoms 


or pyuria. The presence of symptoms and/or pyuria needs similar evaluation, 
since these findings were present in the absence of significant bacteriuria. 

While the over-all incidence of what is considered significant bacteriuria 
closely approximates the frequency with which pyelonephritis is observed at 
autopsy, this does not establish a causal relationship. MaeDonald and co- 
workers recently studied the relation of bacteriuria to pathologie lesions of 
the urinary tract in 100 unselected adult autopsies.” The finding of true 
bacteriuria (defined by them as greater than 100,000 organisms per milliliter 
of urine) correlates well with the presence of pyelonephritis, and they suggest 
that such a relationship may also obtain during life. Again, they observed 
that pyuria, azotemia, and albuminuria were not reliable indices of the presence 
or absence of bacteriuria or pyelonephritis. 

In this group of patients, as in patients who are ecatheterized, variable 
degrees of contamination during the collection of urine specimens is not un- 
common. This fact in itself does not invalidate the method. A sterile or 
essentially negative (approximately 10,000 bacteria per milliliter or less) is 
highly significant. Also, a urine culture containing more than 50,000 to 100,000 
bacteria per milliliter is strongly suggestive of bacteria within the urinary 
tract and not contamination. The method seems satisfactory, safe, and in- 
formative as a screening or diagnostic procedure. However, with preliminary 
evidence of a significant degree of bacteriuria, either careful repetition of a 
sterile-voided urine collection or catheterization is advisable before under- 
taking extensive urological or bacteriological diagnostic and therapeutic regi- 
mens. 
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SUMMARY 


1. A relatively simple technique for obtaining urine cultures from female 
patients based on the use of sterile-voided urine collections and a quantitative 
culture technique is described and evaluated by comparison with catheterized 
urine collections. 


2. Sterile-voided urine cultures containing greater than 50,000 bacteria 


per milliliter of urine correlate well with significant bacteriuria in catheterized 
specimens. A sterile-voided urine culture containing less than 10,000 bacteria 
per milliliter is as significant as a catheterized specimen containing similar 
numbers of bacteria. 


3. Significant bacteriuria was detected in 14 of 100 consecutively evalu- 
ated hospital admissions. In only 5 of these patients was urinary tract infee- 
tion suspected on the basis of clinical findings and urinalyses. 
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LABORATORY METHODS 


PROPOSAL FOR A CERTIFLED STANDARD FOR USE IN 
HEMOGLOBINOMETRY—SECOND AND FINAL REPORT 
R. CANNAN, D.Sc. 

WasHINGTON, D. C. 


INTRODUCTION 


N 1953, the Hematology Study Section of the National Institutes of Health 

requested the Division of Medical Sciences of the National Academy of 
Sciences—National Research Council to explore the possibility of establishing 
a hemoglobin standard for general use throughout the country. In response 
to this request, the Division in 1954 organized an Ad Hoe Panel for the Estab- 
lishment of a Hemoglobin Standard under its Subcommittee on Blood and 
Related Problems. 


Dr. George Cartwright, School of Medicine of the University of Utah, 


accepted the Chairmanship of the Panel. Its members were Dr. David L. 
Drabkin, University of Pennsylvania Graduate School of Medicine; Lt. Col. 
William H. Crosby, Jr., Walter Reed Army Institute of Research; Dr. George 
Brecher, National Institutes of Health; Dr. Wallace Brode, National Bureau 
of Standards; Dr. Israel Davidsohn, Mt. Sinai Hospital, ¢ ‘Shiien: representing 
both the College of American Pathologists and the American Society of Clini- 
eal Pathologists; and Dr. A. H. Neufeld, representing the National Research 
Council of Canada. In 1956, Mr. John Gould sueceeded Dr. Brode, and in 
May, 1957, Dr. Bradley E. Copeland, New England Deaconess Hospital, Bos- 
ton, and Dr. Donald Brown of the Hackensack General Hospital sueceeded 
Dr. Davidsohn as representatives of the College of American Pathologists and 
the American Society of Clinical Pathologists, respectively. The Panel was 
also fortunate in having the cooperation of Dr. E. J. King of the Postgraduate 
Medical School of London, who has given his full support to this undertaking. 

Most routine methods of clinical hemoglobinometry depend upon the 
photometric measurement of a blood sample after quantitative conversion of 
the hemoglobin which it contains into one or another of its derivatives. For 
the standardization of such a procedure there is needed a color standard 
which, when measured in the photometer and cuvette in routine use, will 


Pre ‘pared by the Division of Medical Sciences, National Academy of Sciences—National 
Research Council, Washington, D. C. 
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establish the relation between instrument reading and concentration of the 
particular hemoglobin derivative. This relation can then be used in con- 
verting instrument readings for unknown samples of blood to concentration 
of hemoglobin by the use of Beer’s law or by construction of a calibration 
curve. 

The problem, however, is complicated by the fact that several methods 
of analysis involving conversion to different forms of hemoglobin are in com- 
mon use. Each of these methods should have its own standard. Since a 
multiplicity of standards is neither desirable nor practicable, the Panel de- 
cided, early in its deliberations, to seleet only one method of analysis for which 
a suitable direct standard would be developed. It should, however, be pointed 
out that this procedure does not preclude the use of the standard for the in- 
direct calibration of another method. All that need be done is to construct 
a calibration curve based on the measurement of a small series of normal blood 
samples by the standardized method and also by the method which the analyst 
prefers to adopt for routine use. 

In the opinion of the Panel, the most significant contribution whieh could 
be made to the refinement of clinical hemoglobinometry would be the wide- 
spread adoption of a single method of analysis. Failing this, the indirect 
ealibration of other methods with the chosen method offers the only simple 
photometric means for the comparison of data. The procedure, however, is 
subject to error if the blood sample contains significant amounts of certain 
of the abnormal forms of hemoglobin. For example, methemoglobin and ear- 
bon monoxide-hemoglobin are quantitatively convertible to eyanmethemo- 
globin, but not to oxyhemoglobin. 

The Panel reviewed the several photometric methods in current use and 
came to the conclusion that the procedure involving the measurement of hemo- 
globin as cyanmethemoglobin was the most promising. It offered the fol- 
lowing advantages: 


1. A simple and accurate procedure has been devised by Drabkin in- 
volving the addition of a single reagent to the sample of blood." * 

2. The method has been adopted by the U. S. Army after extensive field 
trials.* 

3. All forms of hemoglobin likely to occur in circulating blood, with the 
exception of sulfhemoglobin, are determined by the method. 

4. The color is suitable for measurement in filter-type photometers as 
well as in narrow band spectrophotometers because its absorption band in 
the region of 540 my is broad and relatively flat. 

5. The U. S. Army has had extensive experience in the use of solutions 
of cyanmethemoglobin as direct standards and has found these to be satis- 
factory... The U. S. Army standards have remained unchanged in optical 
density for extended periods when stored at refrigerator temperatures, pro- 
vided bacterial contamination was avoided. 
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FIELD TRIAL 

On the basis of this evidence, the Panel decided to develop a certified solution of 
eyanmethemoglobin as a standard, and to promote an extensive field trial of its suit- 
ability.* A preliminary report of its recommendations and plans appeared in a number 
of scientific and technical journals in 1955.4-12 This report outlined recommendations 
of the Panel, described arrangements for the preparation and distribution of certified 
standard solutions of cyanmethemoglobin, and invited cooperation in an extensive field 
trial of the use of the standards and of the recommended method of analysis. 

More than a thousand laboratories volunteered to cooperate in the trial sponsored 
by the National Research Council. Distribution of the standards was made with the 
assistance of the College of American Pathologists, the National Association of Clinical 
Laboratories, the Walter Reed Army Institute of Research, and the National Research 
Council of Canada. The laboratories not only received descriptions of the procedures for 
the use of the standards to calibrate photometers, but also directions for the routine 
determination of hemoglobin in the form of evanmethemoglobin. 


RESULTS 

The results of the study were most gratifying. The need for, and the 
ready and grateful acceptance of, a simple method for the standardization of 
hemoglobinometers was apparent. The recommended method of analysis was 
likewise well received. At the onset of the field trial study only 7 per cent 
of the cooperating laboratories had been determining hemoglobin as cyan- 
methemoglobin. At the time of the last report, two-thirds of the cooperating 
laboratories were using this method. 

In the first field trial, the standard solutions were prepared from erystal- 
line hemoglobin by Dr. David Drabkin. Three solutions in carefully deter- 
mined concentrations of approximately 60, 40, and 20 mg. of hemoglobin per 
100 ml. were distributed. The optical densities of the final solutions were in- 
dependently confirmed and a continuing control on stability was maintained 
in the laboratories of Dr. Brecher, Mr. Gould, Col. Crosby, Dr. King, and Dr. 
Neufeld. Agreement having been reached on the optical density values, the 
hemoglobin concentrations of the standards in milligrams per cent were com- 
puted from the optical densities, assuming that the extinction coefficient of 
ecyanmethemoglobin per milligram-atom of iron (55.85 mg.) per liter is 11.5 
and that the pigment contains 0.335 per cent of iron. 

Two problems were encountered during the course of the field trial study. 
The first of these was the growth of certain microorganisms observed in some 
samples in spite of the presence of cyanide. This made it necessary to pre- 
pare and to maintain the solutions under sterile conditions. The second prob- 
lem was a change, unpredictable in degree and not reported by all checking 
laboratories, of 2 to 6 per cent in the optical density 6 to 9 months after dis- 
tribution of the standard. Samples from each lot were found to have undergone 


*Proteins are not generally regarded as highly stable in dilute solution, even if sterile. 
In spite of the experience of the U. S. Army, the Panel hesitated to adopt a standard to 
which theoretical objection might be taken and explored other more stable materials. These 
included colored glasses and solutions of pigments so prepared as to approximate the absorp- 
tion by cyanmethemoglobin of the spectral! transmission of the filters, prisms or gratings em- 
ployed in photometers and spectrophotometers. These alternatives were rejected because 
(a) no suitable mixture of pigments suggested itself, (b) it would be necessary to provide a 
series of glass standards to match the sizes and shapes of commonly used cuvettes, and (c) 
for some instruments the glasses would also have to match the | A... effect of the round 
cuvettes and their contents. 
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varying degrees of change, mostly fading, which was compensated in 
some samples by a comparable increase in turbidity. The standards prepared 
and distributed by the U. 8S. Army in its earlier field trial had remained un- 
changed in optical density for 3 years. Inasmuch as these solutions had been 
prepared directly from whole blood or from washed red cells, it was sus- 
pected that the manipulation involved in the preparation of the erystalline 
hemoglobin for the National Research Council standards might have reduced 
the stability of the pigment. Therefore, a new standard was prepared from 
washed cells. The new standard was further modified by inereasing the con- 
centration of cyanide, since some previous preparations with such higher 
concentrations had shown greater stability and since the growth of most 
organisms would be limited by the higher concentration of cyanide. 

Since the percentage change in optical density of the first standards was 
greater with increasing dilution of the hemoglobin pigment, and since eyan- 
methemoglobin solutions follow Beer’s law, the second standard was dis- 
tributed in only the most concentrated (60 mg. per cent of hemoglobin) of 
the 8 dilutions. 

The second group of standards, modified as outlined above, was dis- 
tributed in July and August of 1956. Their stability was determined in the 
laboratories of Dr. Drabkin, Dr. Brecher, Mr. Gould, and Col. Crosby. The 
stability was satisfactory for at least 9 months from the time of preparation, 
no change of more than 2 per cent in optical density being observed. 

DISCUSSION 

The members of the Panel have concluded that solutions of eyanmethemo- 
globin, when prepared, calibrated, and handled properly, are acceptable as 
standards for hemoglobinometry. They recognize that such standards are 
not ideal in all respects. However, until better standards can be developed, 
they are of the opinion that the availability of this reagent will greatly sim- 
plify the calibration of hemoglobinometers and will greatly increase the ac- 
curacy of hemoglobinometry over previously employed practices. 

Finally, they encourage further independent investigation in the hope 
that an even better standard may be developed, particularly one with im- 
proved stability and more certain maintenance of sterility. 

The National Research Council supplies of the standard eyanmethemo- 
globin solution are now exhausted and no further production is planned under 
the auspices of the Academy-Research Council. However, standards are now 
available from several commercial sources. The NAS-NRC has recommended 
the establishment of a program of certification of commercially produced 
cyanmethemoglobin standards to determine conformance with the specifica- 
tions it has established. In response to the need for the establishment of such 
a program, as defined by the NAS-NRC, the College of American Pathologists 
has aecranged for certification through the facilities of the laboratory of the 
American Medical Association in Chieago. On the basis of data obtained 
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through this laboratory, the College of American Pathologists will certify 
whether commercially produced standards which have been submitted comply 
with the specifications established by the NAS-NRC. All users are urged to 
insist that the cyanmethemoglobin standards they purchase commercially carry 
the certification label of the College.* 

Detailed instructions for the preparation of the standards have been 
published by Crosby.** Producers of the standard or instrument manufae- 
turers may obtain technical details on the adaptation to and use of the 
standard in the various hemoglobinometers by writing to the Division of 
Medical Sciences of the National Research Council. 


RECOM MENDATIONS 


The final recommendations of the National Research Council Ad Hoe 
Panel on the Establishment of a Hemoglobin Standard are as follows. 

1. That cyanmethemoglobin be adopted as a standard in clinical hemo- 
globinometry. 

2. That the standard be characterized spectrophotometrically on the 
basis that the extinction coefficient of one milligram-atom of iron (¢ — 1 mg. 
atom of iron per liter, d = 1 em.) in the form of cyanmethemoglobin at a 
wave length of 540 mz is 11.5. 

3. That 0.338 per cent (w/w) be accepted as the iron content of hemo- 
globin (molecular weight of 16,520 per gram atom of iron) in accordance with 
the recent recommendation of the Protein Commission of the International 
Union of Pure and Applied Chemistry, and that a factor of 1,652 be used 
in ealeulating hemoglobin in milligrams per 100 ml. from millimoles per liter. 

4. That the standard be distributed as a single concentration of not less 
than 55 mg. of ecyanmethemoglobin per 100 ml. 

5. That solutions be distributed in brown glass containers and in sterile 
condition. 

6. For the present it is recommended that solutions should be used as 
standards for a period not to exceed 9 months from the time of preparation. 
This dating period is based upon the results of the National Research Council 
field trial. As experience accumulates with commercially prepared samples, 
an extension of the dating period may well be found to be justifiable. 

7. That the standard be prepared from either crystalline hemoglobin or 
washed erythrocytes. 


8. That commercial producers of the standards submit representative 
specimens from each lot to the College of American Pathologists, Prudential 
Plaza, Chicago 1, Illinois, for certification (a) that the concentration of eyan- 
methemoglobin is within + 2 per cent of the value stated on the label; (b) 
that the solution is substantially optically clear; and (c) that it is micro- 
biologically sterile. 


*In Canada, discussions are now taking place in order to make one national laboratory 
responsible for the production and certification of the standard solutions. 
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SPECTROPHOTOMETRIC DETERMINATION AND DISTRIBUTION OF 
CHLOROQUINE IN HUMAN TISSUES 


Ricnarp W. Prouty, B.S.,* anp Kuropa, B.S. 
Unirep States Army Mepical CENTER, JAPAN 


OSEPHSON and associates' reported a method for the estimation of many 
J basie organie compounds in biologie materials that exhibit characteristic 
absorption maxima in the ultraviolet region. This method has generally wide 
applications to those compounds not readily amenable to analysis by other 
methods. Brodie and co-workers? developed a specifie and sensitive means for 
estimation of antimalarials ineluding chloroquine that ean be converted to 
fluorophores when subjected to ultraviolet irradiation under suitable conditions. 
Berliner and associates* made studies on physiologic disposition of 4-aminoquino- 
line derivatives, in which they presented certain data on distribution of chloro- 
quine in tissues and body fluids in rats. However, there is little information 
available on distribution of the base in human tissues. The present authors* 
have already demonstrated that chloroquine base can readily be detected in 
extracts by paper chromatography and that the amounts of metabolie products 
present in tissues are negligible compared with that of the parent drug, 
although Titus and eo-workers® demonstrated the presence of considerable 
amounts of degradation products in the urine of subjects receiving the drug. 

The present paper is concerned with ultraviolet spectrophotometrie de- 
termination of chloroquine in tissues, and an attempt was made to establish 
distribution of the base among human organ tissues. The compound is 
isolated from the tissues by homogenizing with twice quantities of 0.1 hydro- 
chlorie acid, autoclaving the homogenate, and extracting with chloroform in 
alkalinized solution. The base in chloroform is finally extracted into 1 N 
hydrochlorie acid. Speetrophotometric measurements of the final extraets are 
made using the Beckman Model DU spectrophotometer. The ultraviolet ab- 
sorption spectrum of choroquine in 0.1 N hydrochloric acid is given in Fig. 1. 
The base possesses absorption maxima at the wave lengths 257, 330, and 342 my; 
measurements are most favorably made at 342 my, at which the optical density 
is the greatest and the absorption due to the base is least affected by interfering 
materials present in tissues. 


MATERIALS ANP METHOD 
Reagents. 
1. Standard solution of chloroquine, 100 mg. base per liter. 100 mg. of the free 


base are dissolved on 1 liter of 0.1 N HCl. 


From the Department of Chemistry, 406th Medical General Laboratory, APO 3438, San 
Francisco, Calif. 
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2. Potassium hydroxide, 16 N. 

. Chloroform. 

- Hydrochorie acid, 1 N and 0.1 N. 
5. Sodium hydroxide, 0.1 N. 


OPTICAL DENSITY 


200 290 300 no 320 330 340 380 


WAVELENGTH MILLIMICRONS 


Fig. 1.—Absorption spectrum of chloroquine base (10 mg. per milliliter in 0.1 N. hydrochloric 
acid. 


Procedure.—Fifty grams of organ tissues are homogenized with 100 ml. of 0.1 N 
hydrochloric acid in a Waring blendor, and 30 ml. of 40 per cent trichloroacetic acid is 


earefully added to the homogenate. After stirring the mixture well, 20 ml. of concentrated 


hydrochloric acid is added. Preferably the mixture is allowed to stand overnight to effect 
complete precipitation of proteins; it is then autoclaved under 15 pounds pressure for 30 
minutes to liberate chloroquine bound to proteins and nucleic acids.6 A large container 
should be used when autoclaving brain tissue in order to avoid overflow caused by gas 
evolution. The hydrolyzate is shaken once with 100 ml. of chloroform to remove fatty 
material. After thorough shaking the phases usually do not separate completely, even 
upon long standing. For complete separation the mixture is transferred to 250 ml. centrifuge 
bottles and centrifuged. This centrifugation will compress the precipitated proteins into 
a mass in the bottom of the bottle thereby facilitating the separation of the liquid phases. 


If the proteinaceous material is not separated completely at this stage, separation of the 


liquid phases in alkalinized medium at the next step will become exceedingly difficult owing to 
strong emulsification. The chloroform phase and the mass are disearded. 


The aqueous phase is then strongly alkaline with potassium hydroxide and shaken 
with two 100 ml. portions of chloroform. The combined chloroform extract is washed 
with 50 ml. of 0.1 N sodium hydroxide and finally the chloroform phase is shaken with 
25 ml. of 1 N hydrochloric acid. 

The final acid extract shows the characteristic absorption spectrum of chloroquine when 
examined spectrophotometrically if the specimen contains more than 1 mg. of the base per 
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gram of tissue. A Beckman Model DK-2 recording spectrophotometer is useful for this 
purpose. The optical density of the extract is then measured, or dilutions of the same, 


using a Beckman Model DU spectrophotometer at 342 mu. 

Working standards of the drug are prepared by dilution of the standard stock 
solution with 0.1 N hydrochloric acid. The optical density follows Beer’s law within the 
concentration range of 1 to 20 wg (Fig. 2). 


1.300¢ 


80 10.0 120 
CONCENTRATION ( MICROGRAMS / mi ) 


Fig. 2.—Relation of optical density to chloroquine base. 


RESULTS 

This laboratory routinely receives tissue specimens for toxieologie evalu- 
ation of deaths that occur among military personnel throughout Japan and in 
Korea. Many specimens from Korea have been found to contain chloroquine 
which was detected by paper chromatography.‘ Although it was known that 
the Security Forces in Korea were on antimalarial prophylaxis and that chloro- 
quine was the agent most predominantly used,* it was indicated that quantitative 
studies be made because the circumstances surrounding the death of 2 of the 
10 reported cases suggested suicide attempts with chloroquine. Table I lists 
the results of quantitation of the various submitted tissues by the above- 
mentioned procedure. 


DISCUSSION 


It is apparent from Table I that the highest concentration of chloroquine 
is found in the liver, followed by spleen, heart, and kidney. As expected, brain 
tissue disclosed the lowest level. In the two cases D and H, unusually high 
concentrations of the base were found. In most of the cases analyzed the liver 


*One 500 mg. tablet of chloroquine diphosphate was used weekly from mid-April to 
mid-October yearly. : 
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level was approximately 8 to 10 times the brain level and in case H the liver 


was found to contain 0.1 per cent by weight of chloroquine base as shown in 
Table I. 


Taste I. DistripuTion or CHLOROQUINE IN HuMAN TissvUES (MicROGRAMS PER GRAM) 


A |B] | 1719 
= 24, 43. 29.0 
Spleen - 
Heart 12 


Kidney 3. 3. 4702.0 5.8 
17 2.0 


*Reported suicide from ingestion of undetermined amount of chloroquine phosphate 


Brain 7.8 11 


Although the amount of data available in this study is limited owing to 
the small number of cases studied and further investigations are necessary to 
establish normal distribution of the drug in human tissues conelusively, the 
scheme of analysis has proved to be most useful in estimation of the base 
isolated from extracts of human tissues. 


SUMMARY 


A rapid, sensitive procedure is presented for the estimation of chloroquine 
in biologie tissues. The distribution of the base in the various organs collected 
from 10 cases is discussed. 


We would like to express our appreciation for the technical assistance rendered by 
Mr. Yuzuru Kato. 
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A STUDY OF LIPIDS IN THE CEREBROSPINAL FLUID 


II. Tue DETERMINATION OF ToTAL Lipps 


WaLLace W. Lorre, Pu.D., M.D., ArTHUR J. VANDER, A.B.,* 
BEVERLEY A. SKRENTNY, B.S., AND Russet N. DeJono, M.D. 
ANN ArRBorR, MicuH. 


N A recent review' we pointed out the necessity for a quantitative micro- 

chemical technique to determine total lipids in the cerebrospinal fluid 
(C.\S.F.). The method deseribed in this study permits the analysis of 250 
ul of normal C.S.F. or as little as 2 ug of ‘‘total lipids,’’ based on cholesterol 
oxidation. 

The basie procedure adopted stems from the findings of Bloor. He dem- 
onstrated that the colorimetric absorption produced by the reducing action of 
lipids on a dichromate-sulfurie acid reagent could be measured in the pres- 
ence of nonreduced dichromate. As the oxidation is essentially nonspecific, the 
C.S.F. extract must be as free of nonlipid reducing substances as possible. By 
using the lipid extraction procedure of Robins and associates,’ and by reducing 
drastically the volumes used in the analysis, it has been possible to inerease the 
sensitivity of existing procedures 500 to 1,000 times. 


In this paper the method will be described. Also experiments to test the 
validity of the method will be presented. These experiments inelude the range 
of the procedure, the linearity of extraction of lipids from different amounts 
of C.S.F., the determination of the coefficient of variation, and the comparison 
of the present procedure on diluted serum and lyophylized C.S.F. with the 
Sperry-Brand procedure.*| Furthermore, a ealeulation for the neutral fat 
centration has been derived. 


MATERIALS AND METHODS 
Reagents. 


1. Five and 50 per cent trichloroacetic acid (TCA) is vacuum distilled and diluted with 
glass double-distilled water.5 


2. Potassium acetate in absolute ethanol. Two-tenths N potassium acetate is dis- 
solved in redistilled absolute ethanol. 

3. Phosphoric acid (H,PO,), analytical grade (85 per cent), is diluted with glass 
double-distilled water to 3 N, 


4. Potassium dichromate-sulfuric acid reagent. Two grams of analytical grade potas- 


sium dichromate is dissolved in concentrated sulfuric acid with constant heating and stirring. 
The solution is then brought to a final volume of 100 ml. with concentrated sulfuric acid. 


From the Department of Neurology, University Hospital, and Neurology Research Labo- 
saeery, Kresge Medical Research Building, University of Michigan Medical School, Ann Arbor, 
ich. 
This study was supported in part by the National Multiple 
Kenneth H. Campbell Foundation for Neurological Research. 
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. Cholesterol (Eastman Kodak Company) was recrystallized. Standard cholesterol so- 
ities of 25, 50, and 100 mg. per cent are prepared in redistilled absolute ethanol. 

Apparatus.— 

1. Lang-Levy pipettes are used throughout.6 

2. Reaction tubes: 12 by 75 mm. Pyrex culture tubes without rim (Kimble 45060) are 
pointed to facilitate removal of supernatant fluid. Also, 7 by 70 mm. bacteriologic tubes 
without rims (Aloe 78140B) are used, but are not pointed. 

3. Rubber stoppers to cap the 12 by 75 mm. tubes must be cleaned thoroughly with soap 
and water, rinsed completely with distilled water, and soaked in hot aleohol at least 12 hours 
and then dried before use. 

4. Mixer.® 

5. Centrifuge evaporator.? 

6. A microsteam bath (1 by 3 by 7 inches) was designed to hold 55 7 by 70 mm. tubes 
(5 rows of 11). The chamber was made reasonably airtight except for a steam inlet and 
outlet and undersized holes on the top in a %& inch thick piece of rubber. The unused holes 
must be stoppered to maintain uniform temperatures of 98 to 99° C. The part of the tube 
not immersed in the bath functions as a reflux condenser. 


7. A Beckman spectrophotometer was adapted to read volume of 50 ul.* 


Analytical procedure.—The precipitation and washing steps are carried out in an ice 
water bath.t The remaining steps are performed at room temperature. Lang-Levy pipettes 
are used for all transfers, and all mixings (buzzings) are accomplished by means of an off- 
center rotating cone or ‘‘ buzzer.’’6 The tubes must not be buzzed so vigorously that protein 
precipitate is thrown up along the sides of the tubes out of reach of the extracting reagents. 
A centrifuge evaporator? is used to remove solvents. With this device 30 samples can be 
evaporated simultaneously under reduced pressure without solvent creeping. 


Step 1. Precipitation and washing: Three milliliters of C.8S.F. is pipetted slowly to a 
pointed tube 12 by 75 mm. which contains 750 ul of 50 per cent TCA (final concentration of 
TCA is approximately 10 per cent). The tube is buzzed, capped with parafilm, and allowed 
to stand in the ice water bath for 15 minutes. The tube is buzzed again and centrifuged for 
20 minutes at 2,600 r.p.m. in a cold room (4° C.). It is important after all centrifugations 
that the precipitate not be disturbed. After centrifugation, the supernate is removed and 
disearded. The precipitate is washed 2 times with 750 wl of 5 per cent TCA. Each tube is 
capped with parafilm and centrifuged 20 minutes at 2,600 r.p.m. in the cold. Again the super- 
nate is removed and discarded. 


Step 2. Lipid extraction: One hundred microliters of 0.2 N potassium acetate in abso- 
lute ethanol is added to the protein precipitate. The tube is buzzed immediately and removed 
from the ice bath. It is allowed to stand 10 minutes at room temperature, buzzed again, 
capped with parafilm, and centrifuged at room temperature for 20 minutes at 2,600 r.p.m. 
The supernate is transferred to a 1 ml. volumetric flask. The precipitate in the original tube 
is extracted again with 300 yl of absolute ethanol. The tube is buzzed, capped with parafilm, 
and centrifuged. The supernate from this wash is transferred to the 1 ml. volumetric flask. 
A third extraction of the precipitated protein is carried out in the same manner except, after 
the addition of 300 ul of ethanol, the tube is heated in a 60° C, water bath after eapping with 
a defatted rubber stopper on parafilm. After centrifugation, the supernate is transferred again 
to the 1 ml. volumetric flask. The collected ethanol extracts are brought to a volume of 1 ml. 
with absolute ethanol.t A 250 yl aliquot is transferred to a 7 by 70 mm. tube. The tube is 


*All equipment necessary to adapt the Beckman spec trophotometer to microanalysis was 
obtained from the Pyrocell Manufacturing Company, 207 East 84th Street, New York 28, N. Y. 


*The cold condition decreases the possibility that some phosphate or organic base will 
be split from the lipids and therefore lost in the washing procedure. 

tAmple lipids remain in the volumetric flask after removal of the total Lr a aliquot for 
simultaneous determination of total phospholipids* and free and total cholesterol.® 


A 
é 


Volume §2 LIPIDS IN CEREBROSPINAL FLUID. II 483 
Number 3 


placed in the centrifuge evaporator and completely dried (60 to 90 minutes). The evaporation 


of the ethanol can be hastened by placing a 250 watt infrared lamp approximately 2 feet from 
the side of the evaporator, 


Step 3. Removal of acetate: One hundred microliters of 3 N phosphoric acid is added 
to the dried contents of the tube and buzzed. The tube is placed in the centrifuge evaporator 
with the infrared lamp about 1 foot from the side for 90 to 120 minutes. 

Step 4. Measurement of dichromate reduction: Forty microliters of the dichromate re 
agent is transferred to the tube. The tube is buzzed to cover all the residue. Each tube is 
covered tightly with aluminum foil and placed in a microsteam bath for 20 minutes. The re- 
action is stopped by placing the tube in an ice water bath for several minutes. The water 
condensed along the sides is brought down by a short centrifugation. Forty microliters of 
water is added and each tube is buzzed immediately. The reaction mixture is transferred 
to 1.5 mm. corex microabsorption cell (light path of 1 em.) and the optical density of the 
sample is determined at 600 my in the Beckman spectrophotometer. 

Step 5. Preparation of blanks and cholesterol standards: Two hundred microliters of 
0.2 N potassium acetate in absolute ethanol is placed in a 2.0 ml. volumetric flask and brought 
to volume with absolute ethanol. Aliquots of 125 ul are placed in 12 separate 7 by 70 mm. 
tubes. The contents are completely dried in the centrifuge evaporator (60 to 90 minutes). 
Three tubes serve as the reagent blank. Thirty microliters of 25 mg. per cent of cholesterol 
is placed is 3 tubes, 30 gl of 50 mg. per cent of cholesterol in 3 other tubes, and 30 gl of 
100 mg. per cent of cholesterol in the last 3 tubes. The ethanol in which the cholesterol is 
dissolved is then removed by means of the centrifuge evaporator. The blanks and standards 
are then carried through Steps 3 and 4 simultaneously with the tissue samples. 


Comments on Analytical Procedure.—Step 1: An experiment was performed to determine 
whether the cold acid treatment carried out as deseribed had removed significantly the acid- 
soluble substances from the protein precipitate. The supernate from the final TCA wash was 
dried and treated with the dichromate reagent. The optical density was determined at 600 
ma and found to be zero. This nonreduction of dichromate indicated that two TCA washes 
were sufficient to remove interfering acid-soluble contaminants. 


TaBLeE I. Errect or DIFFERENT AMOUNTS OF TRICHLOROACETIC AcID ON CHOLESTEROL 
OXIDATION BY DICHROMATE 


1.8 | | 7.3 
0.036 

0.054 


0.050 0.090 ‘187 0.346 
0.088 0.369 


The indicated amounts of trichloroacetic acid and cholesterol were dried, reacted with 
dichromate reagent as previously described in Step 4, and the optical density was determined. 
Each recorded optical density is the average of triplicate determinations. 


Because measured aliquots of the TCA supernates were not taken, varying amounts of 
TCA were left covering the protein precipitate. Therefore, the question arose whether TCA 
had any effect on dichromate reduction. Varying amounts of TCA were reacted with the 
dichromate reagent and the optical densities were measured. As much as 17.61 wEq of TCA 
gave no reduction of the dichromate reagent. Another experiment was designed to determine 
whether dichromate oxidation of different amounts of cholesterol was influenced by the 
presence of different amounts of TCA. The results are recorded in Table I. The data in- 
dicated that varying amounts of TCA did not produce any real effect on the dichromate-chol- 
esterol reaction, since in a later section it will be shown that the coefficient of variation for 
the proposed procedure is between 5 and 10 per cent. It was observed that duplicate de- 
terminations were more reproducible if a small amount of TCA was present (3.7 wEq or 
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more). This was probably due to the fact that the presence of TCA decreased creeping and 
‘*bumping’’ of the ethanol extract during evaporation and, therefore, kept the lipid material 
at the bottom of the tube where it could more readily react with the dichromate reagent. 


Step 2: The possibility of incomplete alcoholic extraction of lipids from the protein 
was tested. Chloroform and methanol (2:1) extraction of the protein mass after 3 alcoholic 
extractions as described above in the analytical procedure yielded 1.2 per cent more phos- 
phorus (presumably phospholipid phosphorus). This experiment essentially confirmed the 
finding of more elaborate experimentation done on this point by Robins and associates.® 
Furthermore, an experiment was done in which a fourth hot aleoholic extraction (60° C.) was 
performed. This extract was dried, dichromate reagent was added, and the optical density 
was determined. No dichromate reduction was observed. 


TABLE II. Per Cent OF PROTEIN SOLUBILIZED BY THE EXTRACTION PROCEDURE 


C.8.F. PROTEIN FOUND IN THE 
PRECIPITATED PROTEIN ETHANOL EXTRACT PER CENT OF PRECIPITATED 
(eg) (ag) SOLUBILIZED 

81.5 0.34 0.42 
103.2 0.74 0.72 
116.8 0.77 0.66 
164.6 0.90 0.55 
208.4 1,08 0.52 
234.6 1.79 0.76 
246.1 1.14 0.46 
254.7 1.31 0.51 
311.2 1.63 0.52 
380.8 2.24 0.59 


A verage 0.57 % 


The lipids were extracted as mentioned in the analytical procedure. The combined 
ethanol extractions were dried and analyzed by means of Lowry and associates’”’ microprotein 


procedure. The protein in the original CSF sample was determined by means of a biuret 
reaction.™ 


When the lipids are extracted from the TCA protein precipitate, it is necessary to have 
an alkaline ethanol solution in order to minimize protein solubilization. A titration study of 
TCA with potassium acetate showed that a potassium acetate to trichloroacetic acid ratio of at 
least 2 is necessary to produce a slightly alkaline solution. An experiment was done using 
different potassium acetate to trichloroacetic acid ratios in the extraction steps. Protein de- 
terminations were then performed on the extracts." The extract in which the ratio was 1 
gave protein readings too high to be read by Lowry and associates’ microprocedure.1o The 
extract with a ratio of 2 showed slightly more protein than the extract with a ratio of 5. 
Robins and co-workers’ used a ratio of 3.27. Though protein solubilization during extraction 
was greatly reduced by sufficient amounts of acetate, a certain amount of protein con 
tamination seemed inevitable. In Table IL is presented data to show that the amount of 
protein extracted with acetate in ethanol was almost directly proportional to the quantity 
of precipitated protein used. The average per cent protein solubilized was 0.57 per cent, 
with a range of 0.42 to 0.76. 


In Fig. 1 a protein standard curve is shown.t The reaction appeared linear with a 
significant intercept. The equation of the line by the analysis of least squares!! is Y 
-13 + 18.1 X, where Y is the reading (optical density x 1,000), where —13 is the intercept, 
where 18.1 is the slope, and X is the wg of protein in the sample. Because of the significant 


*To determine the protein contamination of the ethanol extract, the extracts were 
analyzed by Lowry and associates’ microprotein procedure (sensitivity 0.3 sg of protein). 
The determination of protein by this method was complicated by the presence of potassium 
ions which combined with the sulfate ions of the Folin phenol reagent to give a precipitate. 
This precipitate was avoided by use of sodium acetate, rather than potassium salt to 
alkalinize the absolute ethanol solution. However, centrifugation before spectrophotometric 
analysis of the supernate was found to yield similar results. 

This equation of the line also applies to cerebrospinal fluid protein made free of lipid 
and acid-soluble material by the proposed procedure. 
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protein contamination of the ethanol extract and because proteins can reduce dichromate, 


it is necessary to correct the observed dichromate reduction of the ethanol extract for 


reduction, due to protein, to obtain the lipid concentration. These calculations will be 
shown in a subsequent section. 


x 1000 


Yr 


OPTICAL DENSITY 


23486786 Oo 12 «13 
GM. OF PROTEIN IN SAMPLE 


Fig. 1.—Effect of diluted Aloe lyophylized bovine serum protein on dichromate reduction. 
Various quantities of protein as indicated were dried in the centrifuge evaporator and reacted 
with the dichromate reagent as described in Step 4. The optical density is multiplied by 
1,000 for the convenience of calculating the equation of the line. 


Step 3: At the beginning of this step of the procedure the reagents have contributed 


5 wEq of potassium acetate to each tube. The reduction of the contents of the blank tubes 


which contains only potassium acetate with the dichromate reagent gave high results (optical 
density of 0.210). The addition of silver ion and prolonged heating inereased the blank 


reading further (optical density of 1.0). On the basis that this large amount of acetate 


was reducing the dichromate, we removed the acetate by vacuum distillation as acetic acid 
at 65° C. Four strong acids (phosphoric, nitric, sulfuric, and hydrochloric acid) were used 
separately to react with potassium acetate to give acetic acid and a salt of a strong acid. 
Three hundred microequivalents of phosphoric acid gave the lowest reagent blank (optical 
density of 0.110). This treatment had no effeet on the cholesterol standard curve. 


Standards.—Bragdon'!? has shown that oxidation of cholesterol, cholesterol stearate, 
palmitie acid, and triglycerides proceeded to the same degree in each case. The experiments 


of Bragdon were repeated, as directed in Step 4, after drying known amounts of recrystallized 

Based on the theoretical oxidation by dichromate* in which tristearin yields 3 
acetates, cholesterol yields 4, and stearic acid yields 1, the data showed that tristearin, 
cholesterol, and stearic acid were oxidized 80, 77, and 75 
retical value. 


lipids. 


5 per cent of the respective theo 
These results probably indicate that oxidation proceeded to the same degree 


*Lemieux and Purves” have shown that oxidation by dichromate quantitatively recovered 
terminal methyl groups as acetic acid. This may seem to be contradictory to the previous 
paragraph (Step 3). However, we have found that the oxidation of acetate is dependent on 
the concentration because when various amounts of potassium acetate were reacted with the 
dichromate by the present procedure we found that less than 1 yuEq of potasium acetate had 
no detectable effect on the optical density; whereas, 5 «Eq of potassium acetate as mentioned 
previously had a very significant effect. Furthermore, when 29 yg (0.075 uM) of cholesterol 


(see Fig. 2) is reacted with dichromate to yield 4 acetate molecules and 78 per cent oxidation 
occurs, only 0.234 ¢Ea of acetic acid is formed. 
i 


This amount of acetic acid is less than can 
be detected with reliability. 
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in each case. No explanation could be found for the low per cent of oxidation in our 
experiments (average 77 per cent) compared to Bragdon'? or Bloor,? 95 and 88 per cent of 
theoretical oxidation, respectively. 

The color development of a cholesterol standard has been found to be quite constant 
over a period of 9 months and there is no necessity for standards once the spectrophotometer 
has been calibrated. 

Fig. 2 illustrates a typical standard cholesterol curve with the present procedure. 
The reaction appears linear from 2 to 29 wg. The equation of the line by the analysis of 
least squares is Y = —0.646 + 26.059 X. Inspection of the graph and the equation indicate 
that the intercept can be considered zero. 


x 1000 


-0646 + 26059 


OPTICAL DE-:.SITY 


OM OF CHOLESTEROL IN SAMPLE 


Fig. 2.—-Cholesterol standard curve. Various quantities of cholesterol as indicated were 
dried in the centrifuge evaporator and then carried through Steps 3 an 4. he optical 
density is multiplied by 1,000 for the convenience of calculating the equation of the line. 


Calculations of the Total Lipid Concentration Based on Cholesterol Oxidation.—The 
method of calculating the total lipid concentration based on cholesterol oxidation is presented 
below: 


O.D. x 100 

26 x aliquot volume 
where O.D. is the optical density multiplied by 1,000; where 100 converts the results to 
milligrams per cent; where 26 is the slope of the cholesterol standard curve (Fig. 2); where 
aliquot volume represents the amount of spinal fluid used for the analysis; and where 


- 0.004 x mg. per cent protein = mg. per cent lipid 


0.004 x milligrams per cent protein represents the protein correction.* 


RESULTS AND DISCUSSION 


In Table III the reproducibility of the total lipid procedure is shown. 
Eleven or 12 determinations were made on two levels of two different specimens 
of C.S.F. (46 determinations). The average coefficient of variation was 7 per 
cent, with the coefficient being 5 per cent for the larger sample of C.S.F. and 
almost 10 per cent for the smaller. 


*If the equations for the lines in Figs. 1 and 2 do not differ significantly from Y = 18 X 
and Y = 26 X, ts * anne then 1 mg. of protein in the spinal fluid is equivalent to 0.004 me. 
of lipid (0.006 x oe + Where 0.006 is the portion of the protein precipitate solubilized by the 
ethanol extract, Table Il). The protein in the spinal fluid was determined by the method of 
Lowry and associates” or Tourtellotte and co-workers.® ™ 
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Experiments were also performed on different volumes of the same C.S.F. 
in order to determine whether the proposed extraction procedure would give the 
same concentrations. The same type of experiments were also performed on 
diluted serum. The results in Table IV show that the same concentration for a 
given C.S.F. or diluted serum is obtained over a wide range of volumes extracted 
(250 ul to 1,000 yl). 


TABLE ILI. Repropucipiuiry 


DETERMINATION 500 ul 1,000 yl 


0.861 
0.843 
0.979 
0.980 83 O.874 
1.007 9 O.878 
1.015 905 O.891 
0.949 036 0.799 
1.051 0.843 
0.993 80! 0.856 
1,033 
0.914 
Mean 0.991 0.982 
Standard devia- 
tion* +0.081 +0. +0.09% +0.050 
Coefficient 
variationt 


toro 


8.2% 69 5.9% 
*Standard deviation 


standard deviation xX 100 
mean 


All the values are expressed as milligrams of total lipid based on cholesterol oxidation 
per 100 ml. of C.S.FP. 


tCoefficient of variation 


TABLE IV. EXTRACTION OF DIFFERENT VOLUMES or C.S.F. AND DILUTED SERUM 


250 wl | 500 yl 750 ul 1,000 ul 
0.88 0.86 
ie 0.99 0.98 

1.91 1.73 

2.05 2.05 

2.39 2.20 

2.30 2.29 

2.80 


CSF. 


Diluted 
serum 


The final experiments performed were to test the quantification of the pro- 
posed procedure by comparison with the Sperry-Brand gravimetric procedure. 
The concentration of lipid in C.S.F. is several hundred times too low for analysis 
by the latter procedure. Therefore, 400 ml. of C.S.F. was pooled and, after ali- 
quots were taken for lipid analysis by the proposed microprocedure, the fluid was 


| 
| 
| 
| 
2 1.75 1.37 
3 1.59 1.57 
4 2.08 2.17 ; 
5 2.14 2.11 
6 2.31 2.21 
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lyophylized. The dried material was extracted by the proeedure of Brante'® 
and the Sperry-Brand* procedure was carried out on the Brante extract. The 
proposed procedure yielded 88 per cent of the Sperry-Brand value. Further- 
more, serum samples were analyzed for total lipids by the Sperry-Brand pro- 
cedure. The serum was then diluted to a lipid concentration similar to that 
found in C.S.F. and the proposed procedure was carried out. The results in 
Table V indieate that the proposed procedure is quantitative.* 


TABLE V. COMPARISON OF THE PROPOSED ANALYTICAL ProcepuURE WITH METHOD OF SPERRY 
AND BRAND+4 


SPERRY METHOD METHOD 


350 324 
358 316 
426 426 
438 438 
492 452 


The Sperry-Brand gravimetric procedure was carried out on serum. The serum was di- 


luted 200 times and the proposed procedure carried out. All values are expressed in milligrams 
per 100 ml. of the original serum. 


In the oxidation-reduction reaction, each molecule of K,Cr,O; reduced pro- 
duces 1 moleeule of K.Cr,(SO,),. A solution of potassium chrome alum equi- 
molar to the dichromate reagent was prepared. A ealibration curve was ob- 
tained by mixing varying proportions of an equimolar chrome alum and 
dichromate solutions. The broken line in Fig. 3 shows the curve obtained when 
5 to 40 pl of the alum and 35 to 0 pl of the dichromate solutions are mixed. The 
optical density was determined as described in Step 4. The optical densities of 
the resulting mixtures are plotted against the amount of dichromate that was 
replaced (5 pl contains 100 pg of dichromate). 

The theoretical dichromate-reducing power of various lipids is shown in 
Table VI. It was assumed that the oxidation goes to CO,, H.O, and acetate so that 
lecithin, cephalin, sphingomyelin, and the cerebrosides all yield 2 acetates, while 
tristearin, cholesterol, and cholesterol esters vield 3, 4, and 5 acetates, respec- 
tively.t In ealeulating the theoretical value for cholesterol esters, it does not 
matter which fatty acid is used since all fatty acids have almost identical re- 
ducing values. Standard cholesterol solutions containing 7 to 31 pg of cholesterol 
were reacted with the dichromate and the optical densities were determined as 
deseribed in Step 4. The solid line in Fig. 3 shows the optical densities obtained 
from triplicate determinations plotted against the amount of K.Cr.O,; that 
theoretically should have been reduced by the cholesterol. Tristearin and 
stearie acid (reerystallized from absolute ethanol) fell on the same line, indicat- 
ing that oxidation proceeded to the same degree in each ease. 


*Furthermore, since the preparation of this manuscript, a more extended series has 
been done. The total lipid content of the serum from 21 fasting normal subjects was deter- 
mined by both procedures ( Proposed Sperry-Brand). The means (meg. per cent) and 
s.e.m. were 875.6 + 40.6 and 757.8 + 43.3, respectively. The proposed procedure was 16 per 
cent higher than the Sperry-Brand method; this difference was statistically different (Stu- 
dent's test on paired data, p < ). 


*These values differ from those of Bragdon because he assumed complete oxidation of 
lipids to CO: and HO. 
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The diserepancy between the lipid curves and that obtained with the aluin 
solution shows that oxidation of the former was 78 per cent (75 to 80) of the 
theoretical value. It should be noted that this incomplete oxidation should have 
no effect on the total lipid ealeulations, since the lipids in the tissue samples and 
the standard used to obtain the calibration curve are oxidized under the same 
conditions. 


100 
o 9 


OPTICAL DENSITY 


100 200 300 400 $00 600 
UGM. Crp 0, REDUCED 


Fig. 3.—Calibration curves of lipid standards The broken line represents the densities 
obtained when the quantities of dichromate in the abscissas are replaced by equimolar quanti- 
ties of potassium chrome alum. The quantities of lipids (cholesterol, tristearin, and stearic 
acid) are expressed as micrograms of the KeCriQ; they should have reduced (see text). 


TABLE VI. THEORETICAL PoWER LIPIDS 


K.Cr,0, 
LIPID pg PER wg LIPID 

Cholesterol 13.19 
Cholesterol linoleic 14.96 
Lecithin (1-a-phosphatidyl choline ) 13.82 
Plasmalogens 13.72 
l-a phosphatidyl ethanolamine 13.75 
l-a phospliatidyl serine 14.00 
Cerebrosides (lignocerie acid glycosphingoside ) 14.35 
Sphingomeylin (lignocerie acid phosphosphingoside ) 15.01 
Palmitic acid 16.06 
Linoleic acid 16.11 
Stearic acid 16.55 

Neutral fat (tristearin) 16.61 


If the total cholesterol, total phospholipid and cerebroside content of the 
C.S.F. have been determined on aliquots of the same C.S.F. extract as the total 
lipid concentration, then the neutral fat content* of the C.S.F. ean be ealeulated. 
The actual caleulations are best illustrated by an example in which the various 
lipids are expressed in micrograms per 100 ml. of C.S.F.°: cephalins 91, lecithins 
168, sphingomyelins 87, cerebrosides 59, esterified cholesterol 292, and free 


*It is more correct to state that the difference between the total lipid and the sum of 
various components is the unaccounted for lipid fraction of which neutral fat may be a 
component. 
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cholesterol 109. The total lipid value based on cholesterol oxidation was 1,254 
pg per 100 ml. The neutral fat content was calculated by subtracting from the 
total lipid value the sum of the various components (total cholesterol + total 


phospholipid + cerebroside). The neutral fat content was found to be 403 pg 
per 100 ml. 


SUMMARY 


An ultramicrototal lipid proceedure is presented which is capable of de- 
termining 2 yg of lipids with a coefficient of variation of about 7 per cent. It 
is based on the oxidation of a suitable extract by a dichromate-sulfuric acid re- 
agent and the colorimetric determination of the reduced chrome ion. Several 
tests for the validity of the proposed procedure on C.S.F. are presented. Caleu- 
lations are presented for the derivation of neutral fats in C.S.F. 
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A STUDY OF LIPIDS IN THE CEREBROSPINAL FLUID 
II. Tuer DererRMINATION or ToTaL PHOSPHOLIPIDS 


W. TourtTeEL Lorre, Pa.D., M.D., FANNrE M. Parker, A.B., 
AND RusseLt N. DeJona, M.D. 
ANN Arpor, MICH. 


T HAS been pointed out in a recent review’ that phospholipids probably 
exist in normal cerebrospinal fluid (C.S.F.). Beeause of the very minute 
amounts of phospholipid phosphorus in normal C.S.F., i.e., 25 »g of phosphorus 
per 100 ml. of C.S.F., it is not surprising that some of the early investigators 
had great difficulty in finding it. Furthermore, in the C.S.F. the possibility 
of contamination of the phospholipid fraction with nonlipid phosphorus is 
very great because there is about 60 times more free phosphate (1.5 mg. of 
phosphorus per 100 ml.*) than phospholipid phosphorus. For this reason the 
C.S.F. lipid extract must be as free of nonlipid phosphorus as possible. 
The basie procedure adopted stems from that of Lowry and associates.° 
The lipids are coprecipitated with the proteins, the protein precipitate is 
washed free of the acid-soluble phosphorus and the lipids are extraeted with 


aleoholic acetate. An aliquot of the alcoholic extract is evaporated, wet 
ashed, and a sensitive phosphorus method (Ex... — 25,000) is employed. 

In this paper the method and experiments to test the validity of the 
method for determination of phospholipid in C.S.F. will be presented. 


MATERIALS AND METHODS 


Reagents. 


1, Trichloroacetic acid (TCA) is vacuum distilled and diluted to 5 and 50 per cent 
with water doubly distilled in glass apparatus.+ 

2. Potassium acetate in absolute ethanol; 0.2 N potassium acetate is dissolved in 
redistilled absolute ethanol. 

3. Phosphate standards. Potassium phosphate, monobasic (KH,PO,) in 0.1 N sulfurie 
acid. 

4. Ashing mixture: 0.8 N perchloric acid (HCIO,) in 10 N sulfurie acid.’ 

5. Color reagent for phosphate determination’; 0.25 per cent ammonium molybdate 
and 1 per cent ascorbie acid in 0.1 N sodium acetate, prepared just prior to use. 


A pparatus.— 


1. Lang-Levy pipettes are used throughout.’ 

2. Reaction tubes, 12 by 75 mm. Pyrex culture tubes without rim (Kimble 45060) 
are pointed to facilitate removal of supernatant fluid. Also 7 by 70 mm. bacteriologic 
tubes without rims* are used, but are not pointed. 
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3. Centrifuge evaporator.® 
4. Beckman spectrophotometer is adapted to read volumes of 50 al.¢ 


Analytical Procedure.—The precipitation and washing steps are carried out in an ice 
water bath. The remaining steps are performed at room temperature. Lang-Levy pipettes 
are used for all transfers, and all mixings are accomplished by means of an off-center 
rotating cone or ‘‘buzzer.’’3 The tubes are not buzzed so vigorously that protein 
precipitate is thrown up along the sides of the tubes out of reach of the extracting re 
agents. A centrifuge evaporator’ is used to remove solvents. With this device 30 samples 
can be evaporated simultaneously under reduced pressure without solvent creeping. 


Step 1. Precipitation and washing: As previously deseribed.* 
Step 2. Lipid extraction: As previously described." 
Step 3. Wet ashing and the development of the phosphorus color: A 50 yl aliquot 


is removed from the volumetric flask and placed in a 7 by 70 mm. tube. This tube is 
placed in a centrifuge evaporator and dried (60 to 90 minutes). The evaporation of 
the ethanol can be hastened by placing a 250 watt infrared lamp approximately two 
feet from the side of the evaporator. Add 22.5 gl of 1:1 ashing mix and buz, The 
tube is placed in a 95° C. oven for 2 hours and subsequently in a 165° C. oven for 2 
hours. If the tube is not clear, cool and add 5 gl of fuming nitric acid and return to the 
165° C. oven for 30 minutes. Repeat the fuming nitric acid treatment until the tube is 
clear. Add to the cooled, cleared tube 117.4 wl of color developer and buz immediately 
after addition. The tube is capped with parafilm and placed in a 38° C. water bath for 
2 hours. After a short centrifugation to bring down the water, the sample is transferred 
to a microcuvette and read at 820 mg. 

Step 4. Preparation of blanks and phosphorus standards: Two hundred microliters of 
0.2 N potassium acetate in absolute ethanol is placed in a 2.0 ml. volumetric flask and 
brought to volume with absolute ethanol. An appropriate aliquot (60 to 120 wl) is placed 
in 12 separate 7 by 70 mm. tubes. The contents are completely dried in the centrifuge 
evaporator (60 to 90 minutes). Three tubes serve as the reagent blank. Two microliters 
of 0.6456, 1.2913, and 2.5826 mM. of phosphorus standard is pipetted to a group of 3 
tubes, respectively, before adding 22.5 wl of 1:1 ashing mix. The blanks and standards are 
then carried through the rest of Step 3 simultaneously with the tissue sample. 


Comments on Analytical Procedure.— 


Step 1: It has been shown in other publications®-8 that lipids are quantitatively 
coprecipitated with protein when TCA (5 to 10 per cent) is used. It has also been shown® 
that acid-soluble substances are significantly removed by the prescribed procedure. Fur 
thermore, Robins and associates* have discussed and assumed that the various phospho 
lipids are stable in the cold acid media (even plasmalogens). 

If a normal C.S.F. contains 45 yg of inorganic phosphorus per 3 ml., in contrast to 
0.75 wg of phospholipid phosphorus,? it can be seen that the inorganic phosphorus fraction 
could seriously contaminate the phospholipid fraction if it were not quantitatively re- 
moved. The efficiency of the present procedure in clearing the protein precipitate of 
inorganic phosphorus can be calculated, if it is assumed that 25 ul of solution remains after 
each aspiration. After the initial precipitation of protein and removal of the supernatant 
0.45 wg of inorganic phosphorus remains. After the first wash only 0.02145 wg remains and 
after the second wash only 0.00105 yg of inorganie phosphorus remains. This is an in- 
significant contamination of 0.14 per cent of the phospholipid phosphorus fraction with 
inorganic phosphorus in normal C.S.F. Furthermore, if it is assumed that no inorganic 
phosphorus was adsorbed to the protein, then this calculation was borne out experimentally 
when no phosphorus could be detected either with or without digestion of the supernatant 
of the second TCA wash with the sensitive phosphorus procedure of Lowry and co-workers® 
(sensitivity of 0.003 ug of phosphorus). 
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Number 3 
Step 2: In another publication® the alcoholic extraction of phospholipids from the 
protein appeared quantititative (approximately 99 per cent). 


Step 3: Lowry and associates® found the final optimal sulfurie acid concentration 
for color development is 0.9 N plus enough extra acid (0.1 N) to acidify the sodium ace- 
tate of the ascorbic acid-molybdic acid reagent. They stated that there is at least a 10 to 
15 per cent tolerance in final acidity. The color developer must be kept in an ice bath 
and used within 1 hour. Each sample must be mixed immediately and thoroughly after 
the addition of the color developer. 


1600- 


1400- 


3 


Y=-3+19758X 


OPTICAL DENSITY x 1000 


6 ? 
myM OF PHOSPHORUS 


Fig. 1.—Phosphorus standard curve for the proposed procedure. 


Step 4: In Fig. 1 is presented a phosphorus standard curve by the proposed procedure. 
By inspection, the line is straight from 0.7263 myaM (0.02 wg) to 7.5670 muM (0.23 ug) of 
phosphorus. The equation of the line Y = -3 + 197.58 X was calculated by the analysis 
of least squares.® 


Calculations.—From the equation of the line of the phosphorus standard curve, the 
mgM of phospholipid are caleulated for the sample. If 50 wl of the 1 mi. lipid extract of 
3.0 ml. of C.S.F. is used, then 1,100 times the muaM found in the sample is the muM of 
total phospholipid per 100 ml. of C.S.F. 


RESULTS AND DISCUSSION 


The coefficient of variation’ with the proposed procedure is 4.7 per cent 
(Table 1). Therefore, if a number of extractions are carried out on a given 
C.S.F. specimen, it ean be expected from the proposed procedure that 67 per 
cent of all the determinations will fall within +4.7 per cent of the mean. 


Experiments were designed to test the reproducibility of the proposed 
procedure on several different work days. C.S.F. specimens were stored at 
4° C. between extractions. Two experiments gave the following results: analy- 
sis of C.S.F. A yielded 610, 556, and 570 muM per 100 ml. of C.S.F., initially, 
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after 1 day, and after 6 days, respectively. Analysis of C.S.F. B yielded 427 
and 406 muM per 100 ml. of C.S.F., initially and after 1 day, respectively. With 
a coefficient of variation of 4.7 per cent, the data indicate that there is no sig- 
nificant difference between extractions. It can also be gleaned from this data 
that phospholipids in the C.S.F. do not deteriorate up to 6 days when stored at 


TABLE I. REPRODUCIBILITY OF THE PROPOSED PROCEDURE 


DETERMINATION NO. | TOTAL PHOSPHOLIPIDS maM/100 ML. oF C.S.F. 
458 

445 

424 

438 

424 

405 

445 

418 

407 

391 

426 

Mean 426 

Standard deviation +20 

Coefficient variation 4.7% 


The data in Table II illustrate on 4 different C.S.F. specimens the repro- 
dueibility of the proposed extraction procedure on different amounts of C.S.F. 
With a coefficient of variation of 4.7 per cent, the data indicate that there is 
no significant difference between extraction of 1.0, 2.0, or 3.0 ml. of C.S.F. It 
is interesting to note, however, that as a rule the less C.S.F. extracted, the 
higher the value. No good experimental explanation has been found. A fourth 
ethanol extract (60° or 98° C.); chloroform-methanol (2:1) substitution for 
ethanol; and increasing the organie solvent volume have all been employed 


without avail to correct this tendeney. 


REPRODUCIBILITY OF THE PrRoposeD EXTRACTION PROCEDURE ON 
DIFFERENT AMOUNTS oF C.S.F. 


TABLE II. 


CSF | ul oF F. USED 
REFERENCE | 125 250 
805 839 822 
D 625 605 586 605 
E 464 416 402 427 
F 631 579 605 


All experiments were carried out on 120 ul of 1.0 mil. of lipid extract equivalent to 1.0, 
2.0. or 3.0 ml. of C.S.F. unless otherwise specified ; hence, each determination was done on 125, 
250, or 375 gl of C.S.F., respectively. All phospholipid values are expressed in muM per 100 
ml. of C.S.F. and are the averages of triplicate determinations. 


The extraction of lipids from a C.S.F. specimen by the Sperry-Brand pre - 
cedure was compared to the proposed procedure. For the Sperry-Brand pro- 
cedure 1 ml. of C.S.F. was extracted in triplicate. The lipid extract was puri- 
fied by Sperry-Brand’s procedure 2. After purification the solution was eva- 
porated to dryness at 38° C. in a nitrogen stream without transferring. The 
residue obtained was dissolved in 1.5 ml. of chloroform-methanol (2:1). A 
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blank which contained 1 ml. of doubly distilled water in place of C.S.F. was 
carried through the Sperry-Brand procedure. Total phosphorus was deter- 
mined as deseribed in Step 3 except that 500 ul aliquots were dried. The agree- 
ment was good for these two different extraction procedures, 584 and 545 myuM 
100 ml. of C.S.F. for the proposed method and the Sperry-Brand procedure, 
respectively. 


SUMMARY 


An analytic method is presented which is capable of determining 0.7 
mpM (0.02 ng) of phospholipids with a coefficient of variation of about 5 per 
cent. It is based on the co-precipitation of proteins and lipids and the colori- 
metric determination of phosphorus on a suitable lipid extraet of the protein. 
Several tests for the validity of the proposed procedure on C.S.F. are presented. 
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A MEDIUM CONTAINING NUCLEIC ACID, MALTOSE, AND 
ANTIBIOTICS FOR THE ISOLATION OF GROUP A 
HEMOLYTIC STREPTOCOCCI 


Rosert J. Roanrrer, M.D., A. Rantrz, M.D., anp 
Haines, B.S. 
San Francisco, CaAuir. 


EDIA recommended for the primary isolation of Group A hemolytic 

streptococci from respiratory sources that are low in dextrose content 
and contain sheep blood are satisfactory when employed by experienced per- 
sons. It seemed possible that adjuvants which would enhance the amount of 
hemolysis and interfere with the growth of certain organisms usually present 
in the nasopharyngeal flora might increase the ease with which less skilled 
persons could isolate these important organisms from e¢linical materials. 

Previous investigators’ * have deseribed augmentation of production of 
streptolysin S, the active substance causing hemolysis on blood agar, by nucleic 
acid and maltose. Other studies have demonstrated the resistance of group 
A streptococci to the antibacterial effects of neomycin and polymyxin.* This 
paper described the incorporation of these substances into a medium which 
simplifies the isolation of group A streptocoeci. 


METHODS 


Basal Medium.—The basal medium used in nearly all of the studies to be described 
was beef heart infusion agar (Difco). It was employed in a concentration of 40.0 Gm. per 
liter, and was usually dissolved in a solution of nucleic acid in distilled water which had been 
adjusted to a pH of 7.0. Sterilization was accomplished by autoclaving at 15 pounds of 
pressure for 15 minutes. 

In certain studies other commercially available dehydrated media were employed. Each 
was used in the concentration recommended by the manufacturer except that it was dissolved 
in a solution of nucleic acid. 

Nucleic Acid.—Various commercially available nucleic acids were investigated. Each 
was dissolved in distilled water in appropriate concentrations and the solution was neutralized 
by the addition of 4.0 per cent sodium hydroxide solution. In certain experiments the more 
concentrated solutions were diluted with distilled water after neutralization and before addi 
tion of the basal medium. 

Maltose.—Maltose solutions of appropriate concentration were prepared and sterilized 
by Seitz filtration and added aseptically to the medium when the finished plates were prepared. 

Antibiotics—Neomycin and polymyxin were obtained as sterile powders in vials for 
parenteral administration, dissolved in sterile normal salt solution, appropriately diluted, and 
stored in the Deepfreeze at -20° C. until used. 
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Blood.—Preliminary studies not reported demonstrated that the optimum defibrinated 
concentration of sheep blood to be used in the augmented medium was 5 per cent and the 
amount was employed throughout the study. 


Group A Hemolytic Streptococei.—Forty-nine strains of group A hemolytic streptococci 
isolated from clinical sourees were used throughout the study. They were maintained by 
regular transfer in blood broth and were stored in the Deepfreeze when interruptions occurred 
in the work. Serologic typing was not done. 

In all experiments the size of the hemolytic zone was estimated by measuring the diam 
eter around several well-isolated colonies on each plate and recording the median of these 
values as a point on a chart such as that represented in Fig. 1. The absolute values varied 
from experiment to experiment but there was considerable consistency in the relative ability 
of the various strains to cause hemolysis on blood agar plates. 

A control consisting of heart infusion agar containing 5.0 per cent sheep blood only 
was included in each experiment. The more significant studies were repeated, often on several 
occasions, 


Clinical Trial.—A clinical trial of the augmented medium was carried out employing 
throat swabs obtained from children with respiratory infections attending the Pediatrie Out 
patient Clinie of Stanford University Hospitals. Each swab was vigorously agitated in 1.0 
ml, of broth and 2 loopfuls of the resulting suspension of bacteria were plated on the 
augmented medium and a similar amount on heart infusion agar containing 5 per cent sheep 
blood but no adjuvants. 


RESULTS 


Nucleic Acid.—As the concentrations of nucleie acid were increased from 
0 to 0.9 per cent, there was an enhancement of hemolysis through the 0.6 per 


cent level after which a sharp decline occurred. Median hemolytie zone size 
at the optimum concentration was 20 per cent greater at both 24 and 48 hours 
in the augmented, as compared with the control, medium, An inereased elarity 
of the hemolytic zone was very evident and of as great significance as the in- 
creased size of the cleared area. 

Five commercially available nucleic acid preparations were studied in 
parallel at the 0.6 per cent level. Two, manufactured by Sehwarz Labora- 
tories and Bios Laboratories, Inc., were distinctly inferior to 3 others prepared by 
the Nutritional Biochemical Corporation, the California Foundation for Bio- 
chemical Research, and the Roussel Laboratories* which were comparable. 
The latter was used in all of the subsequent studies. 


Maltose.—Preliminary study of the basal media containing only maltose 
as an adjuvant demonstrated enhancement of hemolysis. Detailed investigation 
revealed that the optimum coneentration in a medium containing 6.0 Gm. of 
nucleie acid per liter was between 0.04 and 0.10 Gm. per cent. The amount used 
in subsequent work was 0.05 Gm. per cent. 

The increments in zone size obtained when 36 strains of group A strepto- 
cocei were grown on the augmented medium containing 6.0 Gm. of nueleie acid 
and 0.5 Gm. of maltose per liter, and on the control medium are depicted in the 
first half of Fig. 1. After 24 hours of ineubation there was an approximately 


*Address: 155 East 44th Street, New York 17, N. Y. 
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50 per cent, and after 48 hours a 100 per cent, increment in median zone diam- 
eter. It is of interest that a few strains seemed unable to respond to the stimu- 
lation of the adjuvants.* 


* 


eee 


Zone Size in mm 


a* 


| VP Ars | 2H hrs | | Ars | Ars 


afusion 


Agar Maltose Ager) Nucleic Aeid- Maltese Agar 


Fig. 1.—Effect on hemolytic zone size of addition of nucleic acid and maltose to heart 
infusion agar (left hand panel), and of polymyxin and neomycin to nucleic acid maltose agar 
(right hand panel). 


Blood Agar Base-—A number of commercially available, dehydrated blood 
agar bases were studied to determine their suitability for the isolation of group 
A streptococci after augmentation with nucleic acid and maltose. Median zone 
diameter was greatest on heart infusion agart and brain veal agart and slightly 
smaller on veal infusion agar.t The B.B.L. blood agar base} and Difco blood agar 
baset were distinctly inferior. Two different lots of trypticase soy agart com- 
pletely failed to support hemolysin production by two-thirds of the test strains 
when nucleic acid and maltose were added in spite of the fact that the unaltered 
medium permitted the development of excellent hemolysis comparable to that of 
the other media being tested. 


Addition of Antibiotics —Previous work had demonstrated that group A 
streptococci are resistant to the antibacterial action of neomyein. This anti- 
biotie was incorporated in various concentrations in blood agar plates prepared 
from the basal medium and 42 strains of the test group of hemolytic streptococci 


*Continuing study has revealed a few strains of Group A streptococci whose hemolysin 
production is substantially reduced on the augmented medium without antibiotics, 
+Difco Laboratories, Detroit, Mich. 


tBaltimore Biological Laboratory, Baltimore, Md. 


| s ose. 
4 
2 
= 


Volume 52 ISOLATION OF GROUP A STREPTOCOCCI 499 
Number 3 


were studied. Every one grew well in the presence of 50 wg per milliliter al- 
though 13 exhibited reduced or absent hemolysis at this level of antibiotie. All 
were actively hemolytic in the presence of 12.5 ng per milliliter of neomycin. 

A similar study employing polymyxin revealed no inhibition of growth or 
hemolysis formation in the presence of 25 pg per milliliter, the highest level 
tested. 

After clinical trial it was determined that the most satisfactory concentra- 
tions of antibiotics for the inhibition of unwanted organisms in the nasopha- 
ryngeal flora were 2.0 »g of neomycin and 10.0 ng of polymyxin per milliliter. 

The ability of the nucleic acid-maltose medium with and without these 
amounts of antibiotic to support hemolysis was studied. The results of a typical 
experiment employing 33 of the test strains of group A streptococei are por- 
trayed in the second half of Fig. 1. There was no reduction in median zone 
diameter after 24 hours of incubation; however, a few strains had grown but 
had not produced good hemolysis. This effect persisted but was less marked 
after 48 hours of ineubation. At this time there was a 20 per cent decrement in 
median zone diameter in the presence of the antibioties. 


Clinical Trial.—A clinieal trial of the augmented medium containing 6.0 
(im. of nueleie acid and 0.5 Gm. of maltose per liter was carried out. At this 
time all of the studies described above had not been completed, and 5.0 pg of 
neomyein and 10.0 yg of polymyxin per milliliter were added. Later it was 
determined that the desirable inhibitory effect on the respiratory flora could 
be obtained with 2.0 yg per milliliter of neomycin. It may be assumed that the 
recovery of group A streptococci under these cireumstances would be at least 
as satisfactory as when the larger amount was employed. 

The basal and the augmented media, each containing 5.0 per cent sheep 
blood, were compared in the study of 755 consecutive throat cultures. Sixty- 
six strains of group A hemolytic streptococci were recovered. The number of 
colonies of these organisms were approximated. When there were less than 50 
colonies on the control plate (37 eultures), the augmented medium failed to 
recover the organism on 8 oceasions. When 20 per cent or more of the colonies 
on the control plate were group A streptococci, there was almost complete uni- 
formity between the two preparations. In only 2 of 29 instances of this type 
was the number of organisms on the augmented plate sufficiently reduced (less 
than 50 colonies) so that a diagnosis of streptococcal disease might have been 
overlooked. 

Thirty strains of hemolytic streptococcus of groups C and G were also 
isolated. These organisms grew and produced hemolysis well on the augmented 
medium. 

More recent, but not so carefully controlled, information indicates that the 
same medium containing 2.0 pg per milliliter of neomycin is entirely comparable 
to the basal medium in its ability to recover group A streptococci. 

The principal advantages of this medium lay in the simplicity of its applica- 
tion and the precision with which hemolytic streptococci could be recognized. 
Beta hemolysis was brisk and sharply defined. Growth of alpha hemolytic 
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streptococci and pneumococci invariably resulted in the production of large, 
vivid green zones without the slightest trace of hemolysis which is such a con- 
stant source of confusion to the inexperienced. The growth of nearly all micro- 
eoeci and influenza bacilli was completely inhibited, and the number of Neisseria 
was strikingly reduced so that the plates revealed nearly pure growths of vari- 
ous streptococei and pneumococei. Reading of cultures after 24 hours of in- 
cubation could be accomplished readily by simply holding them to a light. Be- 
cause overgrowth of other organisms was prevented, an additional 24-hour 
period of ineubation was quite feasible and provided an additional cheek in 
doubtful instances. 

The medium was further tested in the field by supplying it over a period 
of several months to a small group of pediatricians in the Palo Alto area, who 
inoculated, ineubated, and read plates prepared from swabs obtained from their 
own patients, following which the preparations were reseored by one of the 
authors. No difficulties were encountered and these physicians, with little ex- 
perience in diagnostic microbiology, were able to interpret the results of their 
cultures accurately from the beginning. These practitioners were so enthusiastic 
about the results obtained that it beeame necessary for a commercial laboratory 
to undertake the manufacture of the medium for distribution in the area after 
the study was terminated. 


SUMMARY 


This report describes the development of an augmented medium for the 
primary isolation of group A hemolytic streptococei from the respiratory tract 
of human beings. The addition of 6.0 Gm. per liter of yeast nucleie acid and 
0.5 Gm. of maltose increases the size and enhances the elarity and sharpness of 
the hemolytic zone produced by these organisms on sheep blood agar. 

In a limited study, certain nucleie acids and blood agar bases were superior. 

The introduction of 2.0 »g per milliliter of neomyein and 10.0 pg per milli- 
liter of polymyxin into the nueleie acid and maltose medium did not signifi- 
cantly interfere with the growth of, or hemolysis production by, group A strepto- 
coeci but did materially enhance the ease of isolation of these organisms by in- 
hibiting the growth of Micrococcus, Hemophilus, and Neisseria. 

A controlled clinical trial in the hospital elinie demonstrated the suitability 
of the medium for isolation of group A streptococci from throat swabs. A field 
trial by a group of physicians without previous special training in microbiologic 
techniques demonstrated its practical value. 

It is believed that commercial availability of this medium in plastic, dis- 
posable Petri dishes would permit the rapid and precise diagnosis of hemolytic 
streptococeal respiratory infection by smaller laboratories and by physicians 
in their offices. 
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See the 28 vibrators poised over the paper tape? Each time a vi- 
brator hits the paper it makes a black dot. The black dots form 
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and addresses at 10 per second. Eastman Kodak Company de- 
veloped and built this punch-card-obeying machine.* Recently, 
an hour or so of its time was used to address a copy of Eastman 
Organic Chemicals List No. 41 to everybody who has ever writ- 
ten us of a continuing need for an up-to-date compendium of 
research compounds, analytical reagents, indicators, and solvents 
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ELECTROCARDIOGRAM 


by 
GORDON B. MYERS, M.D. 
Professor of Medicine 
Wayne University, College of Medicine, 
Head, Department of Medicine, 
City of Detroit Receiving Hospital 


1956, 164 pages (8%”" = 11”), illustrated 
Price, $4.75 


This work is the outgrowth of previous manuals pre- 
pared to supplement the Graduate Course in Electro- 
cardiography given at Wayne University College of 
Medicine for many years. The objective is an organized 
presentation of the interpretation of the unipolar elec- 
trocardiogram. The only basic physics included is that 
considered essential to the interpretation of the tracing: 
controversial theories that do not contribute to clinical 
analysis have been omitted. 


The analysis of the arrhythmias is made from leads that 
clearly display auricular as well as ventricular deflec- 
tions; the interpretation of the QRS-T complex is based 
upon the findings in multiple precordial and back leads, 
supplemented, when necessary, by esophageal and uni- 
polar limb leads. The registration of the normal and 
abnormal QRS-T complex is based upon concepts de- 
veloped by Frank N. Wilson and associates and shown 
to be consistent with experimental and post-mortem 
findings. These concepts have been presented in detail 
and suitably illustrated with diagrams as an introduction 
to clinical analysis. Efforts have been concentrated on 
a systematic lucid description of electrocardiographic 
findings in an attempt to make reproduction of tracings 
unnecessary. 


Electrocardiographic interpretation in this manual has 
been approached as an entity, in order to facilitate de- 
scription and evaluation of its contribution to Cardiology. 
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A NEW DIMENSION IN PAPER CHROMATOGRAPHY 


e TEST TIME SAVING 
Tests which formerly required bours—even 
days—are made by HI-SPEED in minutes. 
MULTIPLE SAMPLES RUN 
SIMULTANEOUSLY 


As many as 25 different samples at a time. 


ADJUSTABLE FORCE 

Instantly variable to many times the force 
of gravity. 

SPACE SAVING 


One HI-SPEED unit equals combined 
capacity of dozens of jars or cabinet set- 


ups. 


MINIMIZES OR ELIMINATES 


The difficulties of Decomposition-Drying 
and Diffusion. 


PRECISION 
HI-SPEED 


CHROMATOGRAPH 


Procedures used in high-speed paper CHROMATOGRAPHY are identical to those used in as- 
cending, descending or circular paper chromatography. Resolution of materials by high-speed 
chromatography using a precision HI-SPEED CHROMATOGRAPH is very satisfactory. Develop- 
ment time 1s shortened to just a few minutes. 

The HI-SPEED CHROMATOGRAPH has the most accurate and easily controlled solvent feed 
system available. A thin stainless steel disk is precision bored to form an orifice 0.1 MM in 
diameter with the tolerance held to 0.001 MM. This orifice hoods flow exactly at 0.8 ML to 
1.5 ML at pressures from 1.5 to 3 psi, as desired. There is no washing of the sample front and 
no glass or metal capillaries to clog. 

Flow of developer and sample is in no way impeded by supports or plates. Paper spins freely and 
perfectly level in the enclosed, draftless work area. Movement of developing solvent is from 
centrifugal force only. A tight-fitting transparent cover completely encloses the top and affords 
visual check on movement of compounds, developer or carrier medium, and enables maintenance 
of solvent atmosphere saturation. Case is made of heavy-gauge, stainless steel, satin-finished and is 
braced with spot-welded bracket. Extra rigidity is provided by a stainless steel drip pan soldered 
near the top. 

Filter paper is placed on shaft and a holder nut threaded on. Samples are placed on the paper by 
means of Micropipettes. Air pressure is adjusted to give the desired rate of developer flow. 
Samples are removed and developed in the normal manner. 

An etched reference control knob adjusts speed of CHROMATOGRAPH from 300 to 1500 RPM 
and enables duplicate speed settings. Direct-drive motor provides quieter operation. Centrifuging 
responds quickly to control—starts and stops immediately. 


Cat. No. M-98895 PRECISION HI-SPEED CHROMATOGRAPH—Supplied with feed system, mounting 


shaft and holder, 500 aes of = CM Whatman #1 filter aa or use on 115 volts, 
60 cycles, 0.5 AMP . 7 $250.00 


NOTE: Ais ‘Devi ice mot supplied. 
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PATHOLOGY SEMINARS 


Edited by ROBERT S. HAUKOHL, M.S., M.D., 
F.C.A.P., Assistant Professor of Pathology, Mar- 
quette University School of Medicine and W. A. D. 
ANDERSON, M.A., M.D., F.A.C.P., F.C.A.P., Pro- 
fessor of Pathology and Chairman of the Department 
of Pathology, University of Miami School of Medi- 
cine. Written by 5 contributors. 


An outgrowth of the annual meeting of the American Society 
of Clinical Pathologists, the “slide seminar’ has become one 
of the increasingly popular postgraduate educational activ- 
ities of pathologists. PATHOLOGY SEMINARS is a col- 
lection of transcriptions of the proceedings of a number of 
pathology tissue seminars conducted at Marquette Univer- 
sity School of Medicine by a group of authorities in the field. 
Of particular interest and value to pathologists, this book is 
a collection of a series of real cases either illustrative of a 
subject or a particularly appropriate topic for the moderator. 
The actual seminar discussions are informal, with everyone 
having an opportunity to express opinions, ask questions or 
contribute to the discussion. Moderators included Lauren 
Ackerman, M.D., F.C.A.P., Arthur C. Allen, M.D., Colonel 
J. E. Ash, M.D., F.C.A.P., Arthur Purdy Stout, M.D., and 
Rupert A. Willis, M.D., F.R.C.P. 


1955, 195 pages, 634” x 934”, 131 illustrations. Price, $7.50. 


Mark and Mail This Coupon Teday! 


(Sat) The C.V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 
Gentlemen: Please send me Haukohl-Anderson’s PATHOLOGY SEMINARS priced at 
$7.50. I understand that if I am not completely satisfied I can return the book within 


10 days with no charge or obligation. If remittance is enclosed, publisher pays the mailing 
charges. 
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X-RAY TECHNOLOGY 


by 


CHARLES A. JACOBI, Head, X-Ray Technology, 
Oregon Technical Institute, Oretech, Oregon, and 
DONALD E. HAGEN, Instructor, X-Ray Technology, 
Oregon Technical Institute, Oretech, Oregon. With 
Foreword by JAMES M. HILTON, M.D., Roentgenol- 
ogist and Course Supervisor, X-Ray Technology, Oregon 
Technical Institute. 


410 pages, 320 illustrations. Price, $9.75. 


Presents basic information and procedures to assist technicians on their own in the 


smaller hospitals and clinics and technicians of limited x-ray experience. 


Believing that the x-ray technician should understand the general principles of the 
working of the machine he operates the authors have included chapters on the 
principles of physics and electricity. In the chapters on positioning the authors 
related anatomy and physiology to the positioning because they believe that a com- 
plete knowledge of osteology and a substantial acquaintance with the remaining 
anatomy and physiology are the bases for developing a skillful, proficient technician. 


Written by practicing x-ray technicians it contains all of the necessary fundamentals, 
plus detailed information as to positioning. Even trouble shooting is covered. 


Positioning occupies a major portion of the book. Here are shown the most effective 
angles and positions for x-raying all areas of the body—the extremities, trunk, skull, 
and viscera. Preceding each of the major areas are chapters on anatomy and physi- 
ology related to such areas. 


THE C. V. MOSBY COMPANY 

3207 Washington Blvd. 

St. Louis 3, Missouri 

Gentlemen: Send me Jacobi-Hagen “X-RAY TECHNOLOGY,” priced at $9.75. 
(J Attached is my check. ([) Charge my account. 
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PHOTOVOLT Densitometer 
for Paper Electrophoresis 


A precision instrument for convenient 
and speedy evaluation of strips of filter 
paper in paper electrophoresis 

Write for Bulletin #755 to: 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N.Y. 


ALSO: 
Colorimeters Meters for Blood pH interference Filters 
Fluorimeters luorescence Comparators Multiplier Photometers 
lometers for Diagnex Test Hemoglobinometers 


Exposure Meters for Photomicrography 


KLETT SCIENTIFIC PRODUCTS———— 
Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
Electrophoresis Apparatus, Glass Standards, Glass Cells, 

Klett Reagents 


Greater Accuracy Throughout 
a Series of Injections! 
HAMILTON 


SYRINGES 
with 


CHANEY ADAPTORS 


With a Chaney Adaptor on a 
Hamilton Syringe you can easily 
maintain accuracy of 1/10 of 
one percent throughout a series 
of liquid deliveries, making your 
repetitive injections for analysis 
and study fast...reliable and 
accurate! 

A Chaney Adaptor gives pre- 
cise delivery of a precalibrated 
quantity of liquid. Adaptors are 
available on (1) the Hamilton 
Glass Beta Shielded Syringes, 
(2) the Hamilton Microliter Syr- 
inges, and (3) as separate units 
on medical syringes. 

Syringe sizes: 30cc to .0Scc. 

Order direct, or write today 
for literature and prices! 


HAMILTON COMPANY, INC. 


1134 Whitley + Whittier, California 
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THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. 
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THE FARRAND. 
Photoelectric 


FLUOROMETER 


FOR FLUOROMETRIC 
METHODS of ANALYSIS 


Designed for stability and linear re- 
sponse over a wide range of sensitivi- 
ties, the Farrand Fluorometer provides 
precise, reliable measurements, especi- 
ally for extremely low concentrations 
in micro or macro volumes. 


Descriptive Bulletin No. 803R, includ- 
ing list of users, sent upon request. 


Bulletin No. 820, describing the 
FARRAND Spectrofluorometer, also 
available. 


REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 

Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
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and other difficult and time-consuming tests. 


Services available nationally by Air Mail. Shipping containers with vials available on request 
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CHARLES C THOMAS - PUBLISHER 
has THE LIST in TESTS 
and TECHNIQUES 


F. Kauffmann—THE DIFFERENTIA- 
TION OF ESCHERICHIA AND 
KLEBSIELLA TYPES. Pub. ‘51, 56 
pp. (Amer. Lec. Tests and Techniques). 
$2.00 


R. Barer--LECTURE NOTES ON THE 
USE OF THE MICROSCOPE (2nd 
Ed.). Pub. 57, 82 pp., 8 il., $1.50. 


Ivor Dunsford—-THE COOMBS TEST. 
(December '58.) 


Roberto F. Escamilla--LABORATORY 
AIDS IN ENDOCRINE DIAGNOSIS. 
Pub. ‘54, 152 pp., 16 il. (Amer. Lec 
Endocrinology), $4.75 


Paul M. Kraemer—A PRIMER IN MEDICAL 
TECHNOLOGY. An ideal and useful primer 
for the skills and equipment of the small 
laboratory has been long needed. A_ time 
saver for student nurses and second year medi- 
cal students Emphasis is on practical in- 
formation, i.¢., the commonly used techniques 
which fuse the small laboratory with neighbor- 
hood medical practice Digested, tested, 
ethcient methods. Tricks of the trade 
Ways to minimize errors The Know How 
methods to check results as work is processed. 
NOTE: Your copy will be begged for, bor 
rowed often, maybe never returned if we know 
anything about books. Pub. ‘58, 344 pp., 35 
$7.75. 


Samuel Natelson—-MICROTECHNIQUES OF 
CLINICAL CHEMISTRY FOR THE ROUL- 
TINE LABORATORY. Pub. ‘57, 502 pp 
(6 x 9), 159 ail., $11.00 


Elizabeth L. Hazen and Frank C. Reed 

LABORATORY IDENTIFICATION 
OF PATHOGENIC FUNGI SIMPLI- 
FIED. Pub. ‘55, 128 pp. (7 x 10), 111 
il. (Amer. Lec. Tests and Techniques), 
$5.50 


Opal Hepler-—-MANUAL OF CLINI- 
CAL LABORATORY METHODS 
(4th Ed., 9th Prg.). Pub. '58, 406 pp 
(8, x 11), 675 il. (8 plates in color), 
$9.50 


George Herbert Needham-——-THE PRACTICAL 
USE OF THE MICROSCOPE: Including 
Photomicrography. Step-by-step procedures on 
HOW TO USE the many types of microscopes, 
objectives, and accessory equipment Methods 
recommended have been used or checked by 
the author who has long, varied medical, in 
dustrial, and teaching experience with the 
microscope and photomicrography. Equipment 
is described with frankness and impartiality, 
with constructive criticisms and suggestions t 
help and guide the serious worker Illustra 
tions were devised especially for the book by 
the author to emphasize by visual means the 
practical application. Pub. ‘$8, $10 pp., 292 
il. (2 in color), $15.50. 


Charles A. Owen, Jr.—DIAGNOSTIC 
RADIOISOTOPES, (October '58.) 


Alma Hiller—-PRACTICAL CLINICAL 
CHEMISTRY: A Guide for Tech- 
nicians (2nd Ed.). Pub. ‘57, 320 pp., 
13 tables, $6.50. 


J. W. Woltf—-THE LABORATORY 
DIAGNOSIS OF LEPTOSPIROSIS. 
Pub. ‘54, 116 pp. 5 il. (Amer. Lec 
Tests and Techniques), $3.75 


F. Kauffmann—-THE DIAGNOSIS OF 
SALMONELLA TYPES. Pub. ‘50, 104 
pp. (Amer. Lec. Tests and Techniques), 
$2.25. 
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uve FROGS for PREGNANCY DIAGNOSIS 


Year ‘round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 

Frogs. With complete directions for use and care. Dozen .... 7.50 


Laberatery Tank with Cever ..__.__-...................--......-. 7.00 
Isolation Jar, 5” x 7” with weighted metal cover —_........______ 3.50 
Frog pregnancy test kit, complete, 14 items including 


Rana pipiens 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 


ALBINO RATS & MICE, RABBITS & GUINEA PIGS 
“Our 43rd Year—Time Proved Dependability” 


RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 


RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types ef tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R8.R.No. 4 Phone 530-W3 Greenwood, Ind. 


NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS~WHITE RATS—~WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 


RD, Mars, Pa. Phone—NAtional 5-1955 


DAN ROLFSMEYER CO. 


ALBINO RATS SWISS (ALBINO) MICE 
Price List on Request 
Route 3, Syene Road, Madison 5, Wis. 


PHONE ALpine 6-6149 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


NO SEASONAL VARIATIONS 


Combines highest accuracy — economy — speed. 
Test so simple requires minimum of technician's 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 


GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 


Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan F and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. ai 

Animals guaranteed free of disease and to arrive in perfect condition. 

Laboratory Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 

Also reagents used in conducting pregnancy tests. 

For Information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


Special Males for Pregnancy 
102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


WHITE MICE GUINEA PIGS RABBITS 


Swiss-Webster Cross—Very Docile Mouse 
Send for price list. References furnished on request. 


J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 
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RATS MICE 
GUINEA PIGS RABBITS 
Clean, Ventilated up to date Buildings- 
FARM Industrial Washing Machine, Steam 
°F Sterilizer - Regular Testing of Stock 
: for Detection of Disease. 


LABORATORY ANIMALS 


HEMLOCK HOLLOW FARM 
FOR SCIENTIFIC 5 MEDICAL USES 414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 


TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 


ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 


LABORATORY Albine irom: Wistar Strain 
ANIMALS Hamsters ALBINO FARMS 


* stainless steel watering tubes for P. O. Bex 3381 
since 1929 laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 


CHERRY HILL FARMS 


P.O. BOX 840, CAMDEN I, N. J. 


HAMILTON LABORATORY ANIMALS, 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


7120 Pippin Road, Cincinnati 39, Ohio 
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For Specialised Services in Clinical Chemistry 
Add This “ANNEX” to Your Clinical Testing Team. 


Hospitals, laboratories and clinics all over the United 
States, Canada, and Alaska use our laboratory as an 
“annex”, You, too, can make our new laboratory 
(shown above) your “annex” and auxiliary service 
for your infrequent biochemical determinations. 
Our complete facilities insure our flexibility to 
perform time-consuming assays or biochemical 
deter ' quiring complex equi and 
specialized personnel — with fast, accurate service at 
modest fees. 


Just a note from you and we'll send you our brochure 
which includes our fee schedule, instructions for 
collecting specimens and a panorama of our services. 


ENDOCRINE ASSAYS 
17-Ketosteroids . . . 
Beta and Androgen Fractions ... 
Protein-Bound lodine . .. 
Pregnanediol . . . 
Pregnanetriol 
Gonadotropins . . . 
Paternity Tests Corticoids ... Estrogens... 

.. Magnesium Catecholamines 


TOXICOLOGY & 
MISCELLANEOUS 
CHEMISTRIES 

.. Transaminase 

. Antistreptolysin 
.. Electrophoresis 
Sodium ... Potassium 


Lead ... Arsenic 
Lipids 


BIOCHEMICAL PROCEDURES| 


in the clinical laboratory field. Write for a complete set. J 


New Home of Biochemical Procedures 
in the heart of the San Fernando Valley 
MAKE A NOTE OF OUR NEW ADDRESS 
EFFECTIVE JULY 20, 1958 


SEVEN-DAY-A-WEEK 

SERVICE TO LABORATORIES | 

ALL OVER NORTH AMERICA 7. 


“The Bulletin of Laboratory Medicine” 


12020 CHANDLER BOULEVARD, NORTH HOLLYWOOD, CALIFORNIA! bid i 


A sturdy young Viking named Lars 
Took a rocket ship straight up to Mars 
And when he came back 
He said “they've a lack 
Of a serum as advanced as ours.” 


You'll like the 
blood typing serums 
by 


TIMES SQUARE, NEW YORK CITY 


September, 1958 


BLICKMAN 


FUME 
HOOD 


for safe 
handling of 
hazardous 
materials 


Developed originally for handling bacteria and 
viruses, this all-stainless steel fume hood is equipped 
with a micro-biological filter canister incinerator. 
Polished, seamless, crevice-free construction with 
rounded corners makes cleaning and decontamina- 
tion easy and sure. Many convenience features; units 
4, 5, 6 or 8 feet long, with or without stand or filter 
canister. Write for illustrated folder describing 22 
different kinds of enclosures for safe handling of 
hazardous materials. S. Blickman, Inc., 9209 Gregory 
Avenue, Weehawken, New Jersey. 


BLICKMAN 
SAFETY ENCLOSURES 


Look for this symbol of quality 


Page 48 


ie 
| 
ite 
| 


please care... 
hunger hurts! 


FOOD from America’s farm abundance ... 
milk powder, flour, cornmeal, cheese . . . is 
given to CARE by the U.S. Government, for 
relief distribution in less fortunate lands. 


FOR every $1 you give, CARE can pack and 
deliver one Food Crusade package (average, 
22 Ibs.) to those who need food most in criti- 
cal areas of Asia, Europe, the Middle East, 
Latin America. 


HUNGRY children and their parents, or- 
phans, refugees, the aged and sick are reach- 
ed by distributions to needy families, or to 
schools and welfare institutions. 


PEOPLE who have never had enough to eat 
receive this food as your personal gift: your 
name and address, or that of your group, go 
with each package, to tell them you and our 
country are their friends. 


Every ST sends 22 ths. 


MAIL THE COUPON .. . WITH 


YOUR DOLLARS . . . TODAY! 


Enclosed is 


ages to the needy. 


CARE 660 First Ave., New York 16, N. Y. 


_ for Food Crusade pack- 


CARE | 
Food Crusade 
City 


(Make checks payable to CARE, Inc.) 


Jour. of Lab. & Clin. Med. 


AN 
«* 
\ 
am > 
Page 44 


Nessler Compound Paragon 


(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be 
affected by the amount of carbonates 
ordinarily present in sodium hydrox- 
ide. The granules and the resulting 
solution will remain stable for years. 


Benedict Compound Paragon 


Qualitative — Quantitative 
(Dry Granules) 


You can now have perfect Bene- 
dict Solutions (qualitative or 
quantitative) for the determina- 
tion of sugar in urine by simply 
dissolving the granules in water. 


Packed in two convenient sizes: 


QUALITATIVE QUANTITATIVE 
P501—for 1 liter P611—for 1 liter 
P520—for 1 gallon P631—for 1 gallon 


Priced so that each qualitative 
test costs % of a cent, when pur- 
Convince yourself by ordering Ness- chased in lots of 12 gallons (1 
ler Compound Paragon. Available case) ; slightly higher when 
for immediate delivery. purchased in smaller quantities. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, 
which is made by simply dissolving 
the contents of bottle in 10 per cent 
sodium hydroxide solution. 


Efficient Conrenient Economical 


Manufactured exclusively by 


PARAGON C. & C. CO. INC, 2540 Belmont Avenue, New York 58, New York 


Synopsis of PATHOLOGY 


A condensed presentation of pathology for the 

by busy practitioner who remains a student of medi- 

cine and strives to keep informed on the newer 

details and variations in the patterns of disease. 

Although compact, it is complete, but leaves elabo- 

pw gt oT ie rate detail to the larger reference works. Every 

iami, Fla. chapter of this edition was carefully brought up 

to date. Changes were made throughout to incor- 

porate the advances in knowledge, modifications 

$8.75. of opinion, recent references, and improvements 
in presentation. 


W. A. D. ANDERSON, Professor 
of Pathology, University of 
Miami School of Medicine; Di- 


THE C. V. MOSBY COMPANY, 
3207 Washington Blvd., 
St. Louis 3, Missouri. 


Gentlemen: Send me Anderson “SYNOPSIS OF PATHOLOGY,” 4th Ed. Price, $8.75. 


() Attached is my check. () Charge my account. 


September, 1958 


— _ 
} 
Las-9-58 
Page 45 


— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 
72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “D”’ Street, P. O. Box 329, San Bernardino, California 


INDEX TO ADVERTISERS 


Please mention “The Journal of Laboratory and Clinical Medicine” 
when writing to our advertisers—it identifies you 


Albino Farms (Laboratory Animals) 2 Kimble Glass Company 

Aloe Scientific, Div. of A. S. Aloe Com- Klett Manufacturing Company 
pany - ‘ Knickerbocker Biosales, Ine. 

American Optical Company 


Ames Company, Inc. ------------- Lederle Laboratories Division 


Leitz, Inc., 
Becton, Dickinson and Company 
Biochemical Procedures —~- --- 4 National Laboratory Animal Company 
Blickman, Ine., 8. ‘ : (Laboratory 
Bristol-Myers Co. ~......... Fourth Cover New York Scientific 
Brewn Laboratory, The a ratory Animals) 

Nuclear-Chicago Corporation — 
44 
38 Ortho Pharmaceutical Corporation 


mals) 
Clay-Adams, 
Clinical Laboratory of San Bernardino 
Coleman Instruments, Inc. 


Paragon C. & C. 
Photovolt Corp. 


4 Research Supply 

Cook, Importer, Jay E. (Xenopus Lae mals) ‘ 
vis Frogs) 

Corning Glass Works — 5 Reed 


Rolfsmeyer Co., Dan (Rats and Mice) 
co, ine.. W. 
Difco Laboratories - Samson Laboratories, The 
Sanborn Company 
Sargent Company, E. H. 
Schettle Frog Farm, Inc., J. R. (Frogs) 
Scientific Products, 

pital Supply Co. 
Standard Scientific Supply Corp. 
Steinhilber & Co., Inc., E. G. (Frogs) 
Stocker, J. E. (Laboratory Animals) 
Squibb & Sons 


Eastman Kodak Company Pes 
Falcon Plastics 
Farrand Optical Company, 
Fisher Scientific 


Gradwohl 
nique 


Hamilton Company, Inc. 
Hamilton Laboratory Animals, 
Hamm Rabbitry, Paul (Rabbits and 
Hartman-Leddon Company 
Hemlock Hollow Farm 
Animals) 
Hilltop Caviary (Laboratory Animals) 
Hyland Laboratories 


Taconic Farms, Inc. (Swiss Mice) ~~~ 

Technicon Company, The —.... Third Cover 
Technicon Company, The 4 
Thomas Company, Arthur H. 26 
Thomas, Charles C t 39 


Warner-Chilcott Laboratory Supply Di- 
vision 
‘ Worthington Biochemical Corporation 


Instrumentation Associates -......... 33 Zeimet Bio-Farms (Guinea Pigs) 


While every precaution is taken to insure accuracy, we cannot guarantee against the 
possibility of an occasional change or omission in the preparation of this index, 


Page 46 Jour. of Lab. & Clin. Med. 


, 
37 
: 13 
24 
40 
40 
12 
11 
Cl 
16 
Co. (Laboratory Ani- 
40 
10 
28 
31 
23 
22 
41 
19 
33 
41 
4) 
17 
37 
P 42 | 
40 \ | 
10 
27 | 
35 
42 
i 


in automatic tissue processing was 
ba 


this introduced in 1928. 


Primitive’ by today's startiards (it held only six 


“solution-changes) but what 


Story procedure! 


Mimosmihree decades of continuing improve- 
ment cultinaté in the new Autotechnicon ‘‘duo"’ 


wate processing and 


echnicon’ 


THE TECHNICON COMPANY ¢@ CHAUNCEY, NEW YORK 


| ight in pothology \abor 
“rst Flow 
on 
= | = staining facilities on the with 
|! at the flip of a switch and 
change beakers. 
a name you can bank on tor quality . efficiency . progress : 
traliblazer in histologic automation 


release from pain and inflammation 


with ARTHRITIS 


salicylate benefits with minimal salicylate drawbacks 


Rapid and prolonged relief—with less intolerance. 


The analgesic and specific anti-inflammatory action of Burrerin helps 
reduce pain and joint edema—comfortably. BUFFERIN caused no gastric dis- 
tress in 70 per cent of hospitalized arthritics with proved intolerance to 
aspirin. (Arthritics are at least 3 to 10 times as intolerant to straight aspirin 
as the general population." ) 


No sodium accumulation. Because BUFFERIN is sodium free, massive dosage for 
prolonged periods will not cause sodium accumulation or edema, even in 
cardiovascular cases. 


Each sodium-free BurreRin tablet contains acetylsalicylic acid, 5 grains, and the antacids 
magnesium carbonate and aluminum glycinate. 


Reference: 1. J.A.M.A. 158:386 (June 4) 1955. 


ANOTHER FINE PRODUCT OF BRISTOL -MYERS 


Bristol-Myers Company, 19 West 50 Street, New York 20, N. Y. 


f 
ow 
4 
Ta 
Le 
- 
. 


